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V . This book conta ins the first seven chapters of a piathemahcs 
sequence'for the seventh and eightKgr^des • The content for^1;he se- 
quence is being selected to serve as a vehicle for.the develqpment 
of relevant computational ikills, mathematical reasoning, and geo- 
metric perception in three dimerVsions. The application of mathemat- 
ics to the st)cial and natural ^sciences is also an Important factor in 
the selection of material. • ■ , ■ 

' . K ■ 

T-h^e style of the sequence encourages individual as well 
as group work, thus developing the cpmmunicatidn skills, in the 
context of mathematics. Strong emphasis is placed on student ac- 
tivities, many of which 'are' manipulative. ' * 

^ To serve a broad spectruftvof students in heterogeneous . 
classes, the material is divided into five types of sections. Three - 
type? constitute ''tbe main' core: • 

/yrtivities by the whole, class , small grouos 
or individuals; 

Short reading sections, to be assig'ned and^ 
discussed or to be read in class; and , . 

.Questions to be worked oiit at home or.ln* 
class. 

.'A 






5 



7 



Sections indicated by 
a.weaker background, 'and sections indicated by 



are intended to help the student with 




are to pro- 



vide extra challenge and pleasure fqrjhe strongly motivated student 
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SECTION 1 . SKETCHlNa A BIKE TRIP 




small lslan(^^ 



A boy who was spendingLjils vacation on a si 
wrote a letter fo his sister. He wanted to teR her about a bike, 
trip he had taken. Here Is part of the letter, r 

"Thl town where we are paying Is In the 'denter of the 
island. There Is orte road from town that leads to a deserted vll- 
lage on the shore of the Isiand, Yesterday^ we decided to go there 
^ on our bikes. \^Oh the wcfy out of town we came to a fork in the . 
road, by a tall tree. We wen^to the right. And, as;you can gQess, 
the road to the^illage was the one\)n the left* Anyway, we were 
lost.' 

v-^ "After a while we came to an intersection. We wer6 not 
sure if we should keep going straight ahead, turn left, or turn 
right. We decided to turn right, ^nd soon came to a forest. (Later 
we found.dut that the road to the left leads^to a^jilce beach. Going 
straight ahead would have taken, u^^ to some cliffs overlooking the 
ocean.) ^ * * 
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' "Soon we came to another fork in the road and decided to go 
straight. (We should have turned right. That would have taken us 
*back to^town!) We ended up at the boat pier on the other side of 
the island. By thenVe were, tired so we wanted to go back to 
town. We knew there was a direct road from the* boat pier to town, 
but we missed it. Instead we ended up going ^lor/g the shore of' . 
the island all the way to the deserted village. So wervisited the 
village after all, but we sure went the long- way. 

•'What I don't understand is,^how we got to the village from 
\h% pier -and never crossed any other roads. After al,l> the village 
and the pier are almost on opposite sides of the island." 



^ His sister, reading the lettfer, couldn't make head or tail 
out of the description of her brdtHer's trip. So, she decide^M:Q^' 
draw a sketch of the island, fts roads . and its landmarks. 




Cdn you draw a sketch of the.teland and the trip using the 
description given In^the letter? . j * ^ 

Compare your sketch with your classmates' sketches.- In 
what ways are they alike? Different? 



SECTION 2 COMPARING TW6 SKETCHES 'OF THE SAME THING 




You probably found that in some ways your map of the island 
was the same as your classmates' , but In other ways It was differ-' 
ent. All the sketches, however, were based on the same descrip- 
tlpn. 'It Is possible, that Sll the sketches wer^ cojjrect illustrations 
of the bike trip. • - ^ ' - , * . 

We will now try to find out, by comparing two s!<:^tches, 
just how different they can be and yet descrlbe^he'same thln^. 
Figure 1 and Figure 2 on pacre 5 are maps of an islan^jl drawn by two 
drfferent^ students.^ The Island here is not the one you dr^w, but 
these sketches were majie frpm the same k^d of Information. LeVS^ 

use both figures to answer the following questions. * ■ . 

- ■ ■ ■* • 

(a) Lbok at Flgu»e 1 . GoTlncr along Lighthouse Lane*/ which ' 
Is closer toihe fir^tr-aid. station, t^i^^ees or the flag? . * 

(b) Now look at Figure 2. Do you g^the same answer? - 

(c) Which sketch do you. thtnk. Is correct?" "Why? 

(d) Do you think that either of the two sketches gives the 
distances between places accurately? 

Compare the corner of Sou|h' Street and^Alrport Road on the 
two maps. ^ * ' • 

(a) How are they*dlfferent? , " ' • ^- 

ip) Do you think that either sketch tells vou h%W sharply 
you must turn, going from ojie street ^Jjj^^l)© other? \ ' 




(a) How many roads come together'at the flagpole? . , . • 

(b) Is the'^iumber the same for'both sketches? . 

(c) Is the number of roads at each intersection the same on 
both maps?' ^ ' • ' * 1 ^ ^ ^ 
.(d) DoesUt make ^ny difference ^hl^h sjTetch you use to 
findThe number of roads at an Intersection? 

(a) In Figure 1 the Ugfithouse Is between which two Inter- 
sections? ' • * " • ^ 

(b) Is It between the same intersections In Flguue 2*? 

(c) How. many streets come into Airport Road between the 
shark lookout and the boat dock? ^ ^ 

(d) Does it matter whl.ch map you use to answer these questions 

(a) • Use Figure- 1 to describe Airport Road. 

(b) Now describe the same road.using Figure 2. 

' (c) What Is the biggest dl^feriBnce between the two drawings 
of'Alrport.Road? ' 

id) Do you think that the sharpness of curves has been cor- 
rectly shown on elther-sketch? 

Which of the following are the same or different for the, two 
sketches? 

(a) Dlsta^nce between any two points ♦ v*| 

(b> Number of roads coming together at'.any'olrie intersection. 

(c) An^rle^at two. road* make when they- meet. 

(4) prder of landmarks along a road between any two places. 

(e) Sharpness of curves on any road. 

♦ 

(a) Usi^g Figure 1, write down instruction'^ on how to ^et 

from the airport to the lighthouse. 

1 

(b) If someone were to use your instructions with Figure 2 , 
would they get to the right place? . ' ' 



-8. "vBy how many, different ways, can you get from the lighthouse 
to the dock? ' ^ 
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Figure X 



Figure ,2 



SECTION 3 HOW -MUCH CAN YOU CHANGE A MAP 
AND STILL HAVE^IT BE USEFU£? 




In the previous'- section we compared two^sketches of the 

roads^ on an" Island. We found that wJ:ien we look at^^ther of the. 

sketches, we cannot tell accurately the distances^, angles between 

roads .at intersections, or sharpness of curves but' we can find out: 
>, - » ' ' > * 

' (a) The. number of roads at each lnterse<3tion. 

(b) ' The order-of points alongfc*llnes . 

' i(c) .The nu'mb^of routes^connecting two places • 

'Often maps or diagrams Ignore correct %lstances , 'angles , 
and straightness of roads orToutes,^ but carefully- show Intersec- 
tions, connections , and the order ot polnts aldng a route.. We wtll 
call such maps or diagrams network maps or network diagrams. 



Figure 3 show-s such a network -.diagram for some of the routes of 
.etti.lliternatiohai airline • , 



TOKVa 



BAMAKO I;. 




MAUOI 



SAN FMHWCO 

Figure 3" ^ 



Neither distance, angle, nor the stralghtness of lines needs 
to be correct in such a diagram* ^herefore^ all these thing^ can be 
changed in any way we* wish 'without^ changing .the important Informa- 
tlon, given hf the diagram* 'Someone could even redraw the network 
to make It look llk^ an aircraft as shown In Figure 4. This might be 
doi:ie as part of an airline's advertising campaign. 



ANCHOftAGie 

* #1 




SAN FRANCISCO 



SlUGkB^O^Jf MANILA 
JAKA^tA 



, Figure 4 



SAMOA 



Both diagrams provide the same lnfonnatlon4;p traveler. 
Either one^an be used for the {Durpose of choosing a route from- 
Los Angeles to^Salgon and back. 
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Are the two diagrams' in Figure 5 diagrams of the same air- 
line routes^ or of. different ones? Give reasons for yoar 
answer. 



Figure 5(a) 



TOKYO 




Lbs AN^eues 



AMCHpRAQE 



figure 5(b) 




9AM ^MtiCiSCO 
LOS AM<4EUCS 



SAMOA 



10. Are the airline routes shown in Figure §^) the same as those 
shown in Figures 3 and 4? ' 



; 11. In Figure'6, find Intersections Uke those In (a), (b) , and (c) 
on the road dfagram In (d) . , 



-Ma). ■• (b) 



(c) 



(d) 




Flgurf 6 



L2. Find the path shown in Figure 7 on the road diagram of 
Figure 6(d) and label the intersections^ 



Figure 7 



■A 



13. Figure' 8 Is a highly' simplified version of Figure 9, 
Figure 8 and label the cities on your copy.. 



Copy 





Figure 8 



Figure 9 



Simplify the map in Figure 10 by drawing it so'that'^ll^rpads' 
are- straight, • . • . , ' ^ ' 




FlguredO ... 

< 

Figure .11 is a diagram of roads in a neighborhood. Sketch- 
a simplified diagram of the same neighborhood by making 
each street appear as a single straight line. 




Figure 11 
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SECTION 4 WHAT DOES- A NETWORK MAP TELL US?; 




We have seen thaf network maps are, often used to show 
airline routes. Another commoA use of such rhaps Is'' to show bus 
pr subway routes. »A network rriapi of a^ subvi^ay system can supply 
much useful Information. However; * there are some questions that 
such a map cannot answer. / ' ^ , ' 




Use the Boston Rapid Transit map shown In Figure 12 to 
,fiBd the afnswers to as many of the following questions as you can. 
Decide What you would need to know In order to be aSle to answer 
the others. The stations mentioned In^the following questions are 
underlined on the map • 

16. (a) If you got on at^Qulncx-Center a'nd graveled to Airport, 
how many stations would yob pass through? 

* (b) How many "different routes couH you take from Qulncy 
Cei^teiM^ Haymarket? 

(c) Which stations would you pass through just before and 
just after you pass through Maverick? ^ * ' • 

(d) Do you need to (change trains In order to go from Qulncy 
Center to Symphony? If so, where.?*' 

(e) Which two stations are nearest to each other? 

tJ 

{f\ "Which Is faster, to walk from Arborway to Forest Hills 
or to take the rapfd^ranslt?' " ^ 

(g) Which Is farther from Forest Hills, Essex or Dover? 

17. (a) Write down instructions on how to go from'Qulncy Center 
to Airport. * 

v(b) Write down Instructions on how to go from Qulncy Center 
to Charles, using four subway lines. ^ 




OHARUES 



SOUTH -STATION 
BROAD WAV 

ANDRtW 




PRUDENTIAL 

SYMPHONV 
NORTHEASTERN 

BRJQHAhA C\ Retell.; 

HEATH 'It. 



RTH OUINCr 



C^UlNCy CBNTSR 



FIELDS CoHH^R 



Figure 12 



Figure 12 ' A network 'map of part of the r,apld transit system of ^ 
Boston, Mass. Many stops that are next to each other along a 
line' seem to be the same distance apart. In fact, ^riost of them ^ 
are not. They are shown th^ same distance apart to make $he 
map simple, small, and easy to read. Also, the-different transit* 
linfe^ are far from straight. 



.20 



Which of the maps of* Figure 13 show the same connections 
between different points? 





-A* 



Figure 13 



Figure 14 represents ? diagram of'a small network of telephone 
lines. - • ' . 

(a) Xlhe ponnectlon^from A to D Is breken. A canr^ot talk to . 
B. Esther© -Is one additional break In |he system, where must- 
It be?'\- * , ' ^- 

(b) If thk connections from A to D and from B to C are broken, 
can A talk\o B ? - ' 

(c) There Is^a break In the- system^omewhere . 'In 91'^er to. 
find It D disconnects his lines to B,J3, and E. A canijot 
talk to B. D then proceeds to reconnect his llnes^to B); C, 
and E and dl-sconSeCts hlsHlne to A. *Now A can talk to B.' 
Where Is the break\ 




Figure 14 , 
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20. ^ Irriaglne that the lette^ of the alphabet in Figure IS are net- 
' work diagrams. Th</letters Y and Kthen represent the same 
network'. . How many different networks &re represented by 
the alphabet ? ' . " * 



A B C . D E F (3 - H I J K1? M 
N 0 PQ R ^TUV WX YZ 



Figure 1^ 



21 . How many Wgferent network patterns can you make with five 
toothpicks^They may not be bent, ^they^ must no.t.overiap, . 
arid the^^r^fiay touc^ only at the fends. The table* belpw Ijas^ 
. been filled out for less than.fiyfe toc^hpidks^. • ' ^ • 

• 'Number of * . ■ ' . S, . 

Toothptpks' ' Number of Different Netw.ork Pat|'ern^ 

1 '1 : — • ' 



Notef Be carefjil in doiii^'this problem.* The patterns 
/\ ana . — ^ mean the same-j:hliig, since only the ^ 
angle between the toothpicks' is changed. . • • 
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In Chapter 1 you- learned about simplified maps or diagrams, 



These maps did not show true distances of directions , bat you could 
use one ^rfectly well to find your way from- one placp to another by 
road^or subway. For many purposes, hovvever, you need to know 
' .both dlrectlqns and dlstanges. - - - ' 

In 'this chafer and the'ri^xt you will learn about -measuring^ 
distances and angles. Then, you will be able to find distances be- 
tween places on regular maps . 



^.^ SECTION.l ^NITS OF MEASUREMENT 




\\ How do yc^ tell people* how heavy you are' 

2. How do you tell peopI$^how.tall you are? 

3. ' How do you fell. people how old you a|^e ? 



r • 



How wQuld you go about measuring how. r^any cups of liquid 
a-small palbwlU hold? ' ' ^ ^ ' 



5, Suppose you wish to measure a table to ^ee If It will go 
thlDugh a doorway b^ore you try movlng.lt. You don't 
^ ^ have a ruler or a measuring tape, so you decide to use 
a pencil as a measuring "rod. tell how y'ou would decide 
if the table will fit. ' - * - ' ^ 




Jf you wish to know how much money you h^ve, you count 
the number of penni^ , nickels , dimes , and quarters/ fnyour pocket 
^ or purse, and add up their value In dollars and cents / - 

^ So In any other-case where you answer tfte question "how * 
much'/" you count units.- To'flnd the distance between two trees 
you^may cbunt the number of steps it takes to go from gne to the 
• other.) Si:>metlmes tne counting is done for you and you read t^e^ 
result on a scale. 

A meter is a unit of'length In the-metrlc sysrem of units. \ 
This system of r^easurements Is used In most cQuntrles of the 
world. In this book we will measure lengths In^meters and other 
.metric units, instead .of In yards, feet, an^ Inches. 




Look at a meter stick ;v-Do you think a meter Is longer or 
short^rxthan one of youF normal steps? Find two or three people 
ill your class wha can make their step be close to a meter, "'and 
haySrthem pace off the width of the ftlassroom. What result do , 
they get/ t<r the nearest meter? ;\ , . 
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^ Now have two people in the class measure , with a meter ' 

stick/ the width of the classfoo'm to. the nearest me^er, Does ihis 
result. agree with the ones found by pacing? ' ^ ' 




^SEGTION 2 CENTIMETERS 




Meters are useful for measuring long distances., but we need 
a smaller unit of length for short'distanceg. In the metric syst^ 
the most common-unit' of length, next to the meter, is^a centimeter . 
One hundred centimeters equals one metejc.^Thus if we 'divide a ' 
meter into one hundred equ-al parts, we wiu'have divided i( into 
centimeters. If y8u look at a ifteter stick you will see that it is 
divided into centimeters. • 

Look at a paic^of centimeter markers that are tiext to each ^ 
other. The^distance between them is a little greater than the width 
of a' pencil. A centimeter irets its name because- centl means "one 
hundredth of," just as a ceM is one -hundredth of^a dollar. Figure 1 • 
is a life-size piqture of a centimeter scale going from 0 to 10 ce;jti- 
meters. • " , 



Figure 1 




* " %hen you use a meter stl'qk to mea'sure short lengt*hs,. you do 
jtot have to count ceritlmeters , bebause the centimeter marks .are ^unj- 
bered right otx the meter stick'. > These numbers do ithe count! Ag for you 
up^to' 100' centimeters. The a]?brevlatlon for centimeter is cm, s6 we 
can write "i" 00 cm" Instead oi "100. centimeters." ' , " 




6. ' 'Wh.y doesn't a meter;stlck start^lth the 1' cm'mariron the 



■^t-hand edge? ^ / ' - . 

* Describe how you would use a :meter stick to- measure,- In ^ 
centimeters, a.d^stance that Is greater. than l^ift. (The abbre- 
. vlatlon for meter Is m..). ' V ^ ■ • ' 




SECTION 3 gST' lMATING LENGTHS IN CENTIMETERS 

• ^ ^ ^ ~~ 

c 




■ Here' Is an estimation cotitest that will help you, ta think of 
the lengtji of d^l^cts in. terms of centimeters.' Separate Into about ' 
..^ix ieams of equalTTize. ,^inLte_ach'er will pick out several objects/ 
to -measijre. , Everyone writes Sown an estimate of the 'object's 
length. Two students >from. different teains then .measure the object • 
tcftie nearest centimeter. Using a centlmete> scale. - : 




^zich student finds how ma^y cent! 
small his'j^pr. estimate is. , .■ - 

EacH team adds up its membters; errors for. Its score for^that 
-obredi. .On thiboard, keep score fbr the game. Th^team with the 
, lawdst total w/ns. ' 
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, —SECTION 4 HOW TO SUBTRACT 



JH 



Finding, your group's score In Section 3 calls for subtraction 
There are several ways to subtract. One way to subtract involves* 
. "borrowing. " Here Is another way that you may find easier** 

/ ■ . • ■ 

Sometimes ^e larger digits In a subtraction are on top as 
in 87 -53: 

r-'* /• /'■ ■ \' ■ ^ 87 



.-53 

34 ' ^ • • 

Trouble appearjs wh^n larg.er digits are beneath smaller 
digits as iir . . 

' ^ \ ' 572 
/ . )- 38 - 



'-'^ -N^H§re ^ou cannot subtract- the bottom digit from the top. To 
get around this we add 10 to both the top and the bottom numbers. 
. ^ . We can .do^tjiis because the difference between the two new num- • 
bers win #tlll remain the «5ame. On top we add 1.0 by making the 2- 
in the ones' place Irito a 12. On the bottpm, we add 10 by changing 
* the 3 In the tens place to 4. It looks like this: °~ « 

i ' s ■ 5 7^ " 



J 



/ Now we can subtract: ' 

•■ - ■ ■ - "a 8 
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To c\^edL our answer, we just add to see that 38 + 584 = 572. Here 
"Is another example, 1738 -487: 

t 

1738 

/ - 487 

1 ' • 

We can subtract 7 from 8, but not 8 from 3. So we place q I ivy ■ 
front of the 3 making- it 13, and Increase the 4 in the-hundreds 
place to 5 like this: ^ — - 

13 

-_l87 

r2 5 1 

We can check the answer by adding. In this case, adding 487 + 1251 
we -get: 

487 
1251 

V 1738 




8 . You give a salesperson 75«;: for. a 59«;:- Item, how much change 
should you get? " 

9'. In each of the following cases, how far bff Is your estimate? 

(a) Suppose your estimate of a length Is 87 cm, and the^ 
measured length. Is 123 cm. ' ^ 

' "(b). Your estimate Is 85 cm, and the measured length Is 63 cm. 

(c) ' Your estimate Is 39 cm, and the measured length Is 57 cm. 

(d) You estimate from a map of the United States that you 
-would have to drive 210 miles to get from Charleston, West 
Virginia, to Richmond, Virginia. Actually, It Is a 196-mlle. 
drive. • " 



28 • 
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SECTION S, DOES IT FIT? 



Look at the drawing on the sheet of paper you-r teacher'gives 
you. It doesn't- look like a trail, but we will call it that. As you go 
from start to finish, the trail iDecomes narrower and narrower. Your • 
teacher has the same trail cut in g board and' sliders 1 cm, 2cm, 
etc., up to 10 cm long. Each slider can easily/move along the 
straight sections/of the trail until finally it gets stuck in-a qomer 
too narrow for it to ge't around (see Eigure 2). 




Figure 2 



Using/ a centimeter scale, make measurerper^ts on your copy 
, of the trail to decide where you t'hlnk each slider will get stuck. 
Write on your sheet the number of the slider at its stick Ina point. 
The sliders are so thin that you don't have to 'worry about their 
thickness. " » 



-Checkj^our predicti9ns by tryihg the real sUders on the real 



trail. 
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SECTION 6 DIVIDING > A UN£ SEGMENT INTO EQUAL PARTS 




You will recall th.at we defined the centimeter by dividing a 

• » 

meter Into 100 equal parts. You may wonder ^ow a given length, 
such as a meter, can be divided Into equal parts. Here is how. 

Take 'an Index card and cut It Into strips a centimeter wide. 
Using a sheet of ruled paper (noteboQk paper will do J\ist fine) 
divide one of the strips Into two parts as shown in Figure 3. Are 
the two parts equal? - ^ 




* Figure 3 , 

- You^'cbuld check to see if the two parts are .equai by mea- 

surlng them with a centlmet^ruler. However, we do not cace how 
long each partis in units of centimeters, or inches, or anything ^ 
else. All we wish to know 'Is whether the two parts are equal, so 
you can us^ a "ruler" without any mafklngs. figure 4 shove's how' 
a sheet of pjaper can be used to check" if the two parts are equal. 



lERJC 
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Figure 4 

Flr3t mark off the length of one of the parts of the strip on 
a sheet of paper as shown in (a). Then compare the mark^d-off 
length with the other part as shown in (b). Are the two parts equal 
in length? 



10. How must the strip be placed on the ruled paper to divide It 
into three equal pieces? 

11/ (a) Divide a strip Into three pieces, using the same ruled 
paper you used to divide a strip' into two pieces. 

(b) Are the three pieces equal? 

■/ ' ■ 

12. How many lln^s would you need to divli^ a strip into 
, (a) four^ pieces? ^ 

(b) five pieces? ' , ^ — 

(c) ten pieces ? 

(d) ojie hundred pieces? 




Divide a strip into three pieces, using only every other line 
on the ruled paper. 

♦ 

Are the three pieces equal? Are they equal to the pieces you 
made in Question 11? .Does It matter how far apart the lines are on 
the ruled paper? 



Now divide a strip into tw^ pieces, using lines next to each 
other on the ruied paper| Divide the same^trip using e^very fourth 
line of the ruled paper. Do you get the same result in both cases? . 

By folding the strips on the divisions you can find out which 
of the two divisions Is^wore accurate. Why do you think one way Is 
more accurate than thre other? ^ ' 



SECTION 7 NAMING SUBDIVISIONS OF K UNIT 




Using the parallel lines on a sheet of paper, divide 10 strips 
as follows: • - 

(a) Divide each of two strips into two equal parts.,. 

(b) Divide the remaining strips Into three, four, five, six, 
seven, eight, nine, and ten equal parts. 

* 

Consider one of the strips that you divided Into two equal 
parts. We Consider the whole strip to be one.unlt long. Because 
each part is pne of two equal :parts', we can write Its size as 2- 
meaning of the unit. length. ^ . ■ . 

. \ ' . ,/ . . 

' In the sam^ way, for the strip divided Into three equal parts, 

• 1 ^ 

'^ach part is -'and so on with the remaining strips. 




V 
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The size of the smallest piece when a unit is divided into 

r 1 

any. number of pieces is called a iifnit fraction . Therefore - - , 

i . r . ' - 2 ' 3 

4 ' ■ To ^'"^^^^'"P^es of unit fractions since they show the sizes 

of the smallest pieces when a unit is divided'=into two, three, four," 
etc, pieces. 

^ Since.it takes two parts of size ^ to obtain a whole strip, 
we can write 

« 

* I" ^ = 1 and 2 X = 1 • , 

where the X means "times" or "multiply." So 2 X .3 mea^'ns "2 times' 
3," or "3 multiplied by 2." 





^ •/ 

13. What number would you put In'each box of the following equa- • 
tlons to make the equations correct? 

(a) □ X 1 . ^ ^ 

(b) 5xn= 1 • *' . * • ♦ . 

14. Take the two strips you divided into two parts each and place 
them end to end. Complete the following equations by look- 

- ing. at your strips. 

lb) □.x|.= 2 . 



3 



15. -Without making any additional strips, complete' the following 
equations. 



(a) 



(b) . 0x^ = 4 

(c) ^6x|. =□ 

(d) □ X ^ = 10 

(e) 100 X ^ =.□ 



ft; 



16. How'maiiy strips would you have* to divide Into equal partes to 
check your answer to pa^rt (c) of Question 15? 

' i 

17; By. placing the two-pfece and three-piece strips together as 
shown in F^gur^ 5, decide which Is the greater, ^ or 



Figure 5- 



18. Using otlfer strips arranged as In Figure 5, decide^hlch frac 
*< tlon in the following pairs of anlt fractidns is the greater of 
1 the two. 



191 taT Arrange the following unit fractions from the smallest to 
the largest: J ' J ' ^ - • 

(b) When you increase tbe number of equal parts into which 
a unit Is divixied, what happens to the size of eacb part? 



SECTION* 8 MULTIPM? OF UNIT FRACTIONS 




, - we can answer the question by fir\d4fig out how much ^5 X 7- is, Wa 
'know that the number 4'x - is less thari^S'X f and 5 X 7 is less than. 

The symbol "<" is used to Stand for""less than."- Thus 
7 < 8 is read *'seven is less thaji eight'^ and 7 < 8 < 10 is* read 
« "seven-is less than eight and eight is less than 10." 

Using t\\e symbol < for "less than" we write \ 



4 X - .< 5 X' 7 < 6 X 7 ' ' ; 
2 2 .2 ■ ^• 



or; since 4X^=2 an<|^6 X j = 3,.we can write ^ • 

• 

6«2<&X-<3 

' ■ ' ' "»L - ' ■ 

Therefore 5 X -^j is between 2 '^hd 3' and we can sly that 5 X is 

- • 2 

"bracketed" byte and 3. . ' • , 

Writing 5 X j is .one way of saying ^tha| we have flvfe halves 

of a unit. An ^sler way is to write ^ . Thus, 2 x 7>= -7 4x7=-, 
, ^ \0 2 3 3 . 5 5 

^^12 = 12 -^4''' ' r 

. ' y 



Expressions like or are tfalle^f Tr^ctions , , The tbp of a 
fraction is'cajled the numerator a'nd the bottom Is called the denofnl- 
nator. . ^ , . . 



Note that every fraction is a multiple of some unit fraction. 



ForAexample, 



4 18 1 ^ 



5 

3 

nator stahds'for more than 1 whole unit 



A fraction like 7 *whose -numerator is greater 4:han. its denomi- , 



We can write 



3 1 
3 - -3 



■5= 1 + 1 . 1.^. 1 

3 ■ 3 3 ^.3\ 3 3 



= 1 +^ 

'3 , 3 .. 



Sc^e see that — is ^ more than 1 .* That 



1 = 1 + ^ 



2 2 * ' . * 
We ufeu^ally write 1 + — as , omitting the plus sign. 

V 2 2 '2' ' 

(Note that 1 >c — ^ It .) Since 1-r InvolveB both a whole number ^ 

and a fraction, we say that-Hit is written In mixed notation . 
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* b ft 

20, * Bracket the following products with whole numbers. 



(a) 


7xi 


Cb) 




(c) 


12* X \ 


(d) 


3x7 

4 



21 . 'Bracket the foUowflig fr$rctlons in the same, way as in 
Question 20. ' 

..,a, f / 

4 ' ' <• 

(b) 7 
-i^ 5 



(c) 



11 



22. Write the fdllowing fractions in rr\lxe<i potation. 
, (a) f . ■ ■ . 

(c) If ' ' ■ ' 

'23. ^What fraction is represented by the follow Ing' numbers ? 




V 



37 



rk 

l- i" 
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24. 



\ 



(a) Whlch'of the' following fractions can you write4n mixed 
"3 1 2 3 8 6 ' ^ * 



notation? 



2 ' 2 ' 3 ' 3 ' 3 ' 3 



(b) Can you'wrlte a fraction In mixed notation If the numera- 
tcjr and the denominator of the fraction are equal? Can you 
wi^^ a fraction In^iflxed notation If the numerat'br Is a multl- 
pi0i'of the .denominator? • 

7 8 5- ' ' 

^(c) No^ie that the fractions :^ , - , - are all greater than 1 ,^ 

while T Vr , rr are all less than ^. How must the sizes of 

the nume^tor and the denominator of a fraction compare when 
the fraction 'isan be written in mixed notation'? . 





CTION 9 . -EQUAL FRACTIONS 



We can label' the lines on our strips tci show how large a part 
of the whole '^trlp we have up to that line. For example T the first 
strip you made can be labeled as In Figure 6(a). 



£ 


1 

j 


\ 


2^ 


z 


_ — 1 ^ 


z 


Z 



-Complete 
strips in 



V 



Figure 6(a) 



labeling the strip in Fig'ure 6(b), and then label ai'l your 
his way. •* " . 



3 



3 



Figure 6(b) 



c 



38 



can spe that 



If you put the two strips In Figure 7 together as shown, you ' 
0-01.224 



4 '2 "4' 2 "4* 



'0. 

z 


/ . 2 
2 • -2 


0 

4 ■ 


1 

4 / • 


2 
4 


3. 4 
4 4 




25. 



■ ■ 'Figure 7 ' ' 

(a) Place the strip divided Into fifths together with the strt^ 
divided fjito tenths?^ What equalltles-jlke the' ones above do 
you notice? ^ < 

(by Usljig your strips as above, find the fractions that 

ace equal to . * I ^ 

' ! 12 
(c) Ofi yo'ur strips, which fractions are equal to — ? 



26. 



Complete the following eq5Btlons. 

1. 



(a) 



6 
2< 



9 
3 



30 
5 / 



(c) If you double the^umerator of a fr^ctlo^i, what must you 
do to the denominator of the same fraction Lh order to keep the 
value of the fraction unchanged? 

' - ■■ ■ ■ ■ \ • 

27. Complete the following equations. 

A □ □ ' 

6^4 

i^^O ■ «• ' 

(c) If you divide the Numerator of a fraction by 3 , what must 
f you do to the denominator of the 'aaipe'fractlon In order to keep 
t the'' value of the fraction unchanged? * ' - 



28. ^If the lengths of the two ^strips were not equal and one strip / 
was divided into halves while th? other strip was divided >nttr^ 

fourths, would -^.of^the fi-rst strip equal - of the second strip? ^ 

Use two strtps of unequal length' to check youc answer. 




We can use fractions to divide things other^an lengths. In 
music we need to hav6 a way of showing how long a-siote is^^held, . 
We use different symbols to represent different lengths of time, , 



O = whole note 
C> - half note 
#1 = quarter note 

J • 

• ' =^ eighth^^ote 
= sixteenth note 



09 ^ 



As the namels of the symbols suggest, each note represents 
half as much time. as the previous one. We. have, for example/ 



Note^ aqg^, placed on a staff (a set of five lines), and eire 
marke^l off in measures (groups of notes separated by vertical li^nes) 



^In Figure 8. 




The symbol - at the beginning of the -staff is called the time 
signature and means that every measure must^contaln the equivalent 
of four quarter notes. Note that this is the same aa saying that each 
unit (measure) is divided into four fourths. \ _ 



The first measure shows 



4x7 = 1 measure 
4 



The aecond measure shows * 



2x^ + 1x7 



1 measure 



29. Complete the following equations, using a single^note as the^ 
^ answer. 



(0) J+J+J+J 



-- □ 



30. ^ .Express each of the following measures as an equation givijig 
the sum of numbers eqyial to 1 . 




(b) 



(c) 



(d) 
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31. Show a measure that represents 



(a) 2X^ = 1 



(b) 4 X = 1 

(d) i-i-i= 1 

(e) . 2 X U 4 X i = 1 




SECTION 10 DECIMAL . NOTATION 




' , . ^ 14 135 , . u 

,You have seen that fractions such as °'" YoO ^ 

^4 35 ' ' 

written in mixed notation as 1— and 1 YoO* "^h^"^^^'" 

fractions that Involve tenths, hundredths, or thousandths , we can 
write a fraction yet another way. We simply do not write the denomi- 
nator of the fraction. Instead we us.e a point (.), calieH^ a. decimal 
point, to separate the fraction from the whole number. . ^ • ' 

Look at the following examples of decimal notation. 



^One and three-tent^ ^ 

X 

• Fifteen and one-hundredth = ^^ToO 15.01 
7 

Se^en-tenths = ~ 0*7 

• ' 5 ■ 1 

hve-thousandths ^ YooO 



42 • 
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Note that the decimal point Is a device to Indicate the 
place of the ones. The number immediately to the left of the decl- 
^mal gives you the number of oijes and the tens place Is one step to 
the left of the ones; Similarly, one step to the right of the'ones 
gives you the number of tenths. The.plade of the hundredths Is two 
steps tp the right of the ones, etc. 




638.156 



Write these* fractions in words. 

(a) 0.2 

(b) 0.064 

(c) 25.35 



^ 

Or V 



33. Write the following in decimal notation, 
(a) . , . . . 



(b) SI'; 



100 



(c) 



21 
100 



34. Write the following as fractions or In mixed notation. - 
(a) 4.6^ 

•(b) 0.001 , . ^ 

(c) 16.36 

(d) 16.306 . 

(e) ° 16.360 



SECTION 11 MATCHING FRACTIONS 




Spread the cards that your teacher gives you face doWn in 
, a rectangular, arrangement. Two to four players per deck can play 
this game. ,A player turns over one carS and then another, reading, 
aloud the fraction on each card. If they are equal, the player keeps 
them and plays a^ain. If the fractions are not equal, the cards must 
be replaced, face down, and it is then thej^ext player's turn. Wheil 
there are no cards left on the table, the player who has the most 
cards wins the, game. 



SECTIONS 12 MEASURING TO TENTHS OF A^NTIMETER 



The smallest divisions on a meter stick or centimeter ruler 
divide a centimeter into 10 equal parts. (See Figure 9.> Each part 
is, fherefore, cm =.0.1 cm. Each 0.1 cm Is about the thick- 
ness of a peticiljead. 




' Figure 9 

* ' * 1 

To become familiar with making measurements to — cm you 

can try the "trail" agaln^ This tjme you will need to fneasuce the 

trail to 0.1 cm. * - 



/ 
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The Jlrst sliders you will use have their length marked oh 

them but thl§ time they are given to the nearest 0.1 cm. They are 

ft 

2.4, 3.9, 4.5, 6.6, 7.6, and 9.4 cm long. 




As before /mark the length of ea^h slider onig copy of the 
trail at the turn where you think It will get stuck. 

Check your prediction with the r^al sliders on the real trail. 



Now repeat what you have just done with the sliders but use 
the blocks of different, length and width shown In Figure 10. 



Figure 10 




0 cm 



3*3 cm 
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Make measurements of your copy of the trail to see where 
thejarge, middle-size', and smJ4l semicircles '(Figure 11) will get 
stuck. , ' ^ • ^ 

Check your predictions. . ^ I 



Figure 11 




0.6 cm 
k 2.8 cm 




V 



5.4 cm 




46 
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How wide ca^n the bfock InTigure 12 be and ^tlU get 'through? 

; ■ ■ . ' ' -i. 

To find out cut out a rectangle of paper or cardboard 5.0 cm 
long and Whose thickngss Is small enough so this slider paper can 
ji^t get through the "first turn. Try It In the real trail'. Is It sn.ug?c 

What Is the greatest length you could have for the block In 
Figure 13 and still haye It get through the first turn after the big 
.circle? Cut out a plec6 of paper with your answer and try it<;' 




Figure 12 



r . 





Figure 4,3 



•47 
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SECTION 13 MAKING 



LINE5 




To solve the puzzles In the next sectio^ you will have to 
draw parallel lines.; Here is an easy way to malce a line that Is 
parallel to a giveil straight line. The five-^teps that follow are 
shown In Figure 14 . 




Figure 14 



r-- 



48 



% A. First, draw a straight line on a sheet of paper. 

'B* Next, place a mark somewhere along a short edge of an 
index card or another she^ of paper. # 

C. Now,- place an edge of the index card on the line you 
drew on the sheet, of paper and make a mark on the' 
sheet of paper next to the mark on tlie index card. - 

D. Move the card, along the straight line to the right and 
again make a mark on the paper next to the mark on 
the card;:-^ 

E. Now, remove the card and draw a straight line through 
the'two marks you made on the paper." 

C.. . If two lines are parallel, they are the same "distance apart 
everywhere. Are the two lines you have drawn on the sheet of paper 
■ the same distance apart everywhere? If so,-.AA4l««ir:4s-this distance? 

35. Draw two parallel'Iines that are 2.0' cm apart. 



36. Draw two parallel lines that are 3. '3 cm apart. 



37. ftave a classmate measure the distance between the parallel 
lines you drew in Questions 35 and 36. ^ 



. 48.. (a) Draw a rectangle that is twice ^ long as it is wide. 

(b) Fold your rectangle in half, end to end. What is the 
>. -name of the figure you now have? ' ' 



SECTION 14 SCRAMBLED SQUARES 




Or 



Carefully measure and cut out pieces of paper with the dimen- 
sions shown In Figure 15. (All lengths are glVen In centimeters.) 
Can you flt'the plfeces together to^make^ a square?- Don't turn the 
pieces ovar, j\ist us,e them as they arp pictured. * , ' 



4.1. 




4. 



7,r 



2.2, 



ro.2 




Can you "make 'a<^quar^frQ|fnthe'^leces in Figure 16(a)? 
From thosfe In Figure 16(b)?' 



i'^^IC" 



9.6 



4.4 






Imagine that the holes in the>^heet of cardboard you are 
given are miniature manholes. You are going to make cov^rs for- 
the manholes and use them to find out something about the size . 
of the holes . - ^ 



You can make a cover by fastening t^o discs together (Fig-- . 
: ure 17.) so that one 4isc fits inside a hole while the other covers the 
hole. Make three manhole covers, one for each of the three holes. 




'Eacl^dlsc Is marked with Its size. From the sizes marked 
on the covers* you have made, what can you* say about the size of 
each hole? Can you bracket the size of each hole? 

Try usln^ different discs, If necessary, to*bracket the size 

of the holes as closely as possible. Write down your results using 
• ' . 

\ the "less than" {'<) sign as in the following example. 

Suppose we have a cover whose two parts are 5.7 cm dnd 
6.1 cm. We don'tjknow the exact size of the hole, but we do know 
that it is between 5.7 cm and 6.1 cm. In other words , we caa 
"bracket" the hole size between 5.7 cm and 6.1. cm. We can write 
this as * , * - 

5.7 c'm^ n< 6.1 cm 



where the Q can be filled in wlt-h the size of the hole^ We leave it 
Qoe|i, however*, because we don't know' Exactly how big. the hole Is. 

' How closely have you bracketed the th^ee hole sizes? To ! 
find out, subtract the lower bracketing value from the upper BrackeJ-f^ 



ing value. 



9 



Which hole size are you most sure of? Which hole size are 
you le^st sure of ? , 

^ * Now meastSre arxd write Uown the' size of each hole^ Does' 
the.silze of each hole He betvsjeen the brackets you found for It? ' 



V 



39. Suppose you made a cover for a manhole from discs marked 
4.8 citf-and 5.3 cm. Use Qfor the hole size and tlie "less 

than" symbol to bracket the hole slze.^ 

"40. (a) A boy has an older slslgr who Is 19 years old. He also 
has a younger bro'ther who Is 13 years old. What might be 
the age of^the boy ? 

(b) Use for the boy's age and use the symbol " < " for 
.. "less than" to bracket the boy's age. 

i 

41 . A particular block Is too wide to slide through the part of the 



trail that Is 1.5 cm wide. .It can, howfever, slide through the 
part that Is 2.4 cm wide. Letting FHstand for the width of the 
,block, bracket the width of the blocF. 



SECTION 16 SUBTRAOTING dECiMALS 




In the last section you had to subtract the value, of the smal- 
ler bracket from, the value of the larger bracket. Since these valuejs 
were given to tenths of a dentfmeter, you had to subtract decimals. 
The Important thing In subtracting decimals Is to alway's Fine up the 
nJeclmal points. F^r exaepple, 100.0 -93.6 should be written , »^ 

■ ■'■ , - > 100.0 

• ' ■ * - 93 .j5 ; * 

.Now you can subtract by usln^ borrowing. oC't!)e w.ay described' 
In Section 4 of this chapter. 



42 . ■ What Is the dlffere.hce between "17 .8 and 20 .0 ? . ^ 

i 

43. Subtract 74-.-5 from 423.7, ' - " 
,44, What Is 7^.2 minus 43.0? . 



45. The two discs of a manhc3^Je co\^r are 6.1 dm and 5..J_ cm In 
- diameter. What Is the difference In their diameters? 



46. Do the following subtractions. 

, (a) 37.95 - 4.4 " ' ^ (b) 198.1 - 95.3 

(c) '105.0^ 96.^4 ^ , ((J) * 37.6 21.0 

(e) 91.15 - 7.047 ^ ^ - " 

47. Suppose 'you have $7.00 In your pocket and you owe someone 
$3.06. How much money do you have left^after paying *whgt 
you owe ? ' ' • 



^ECTld^ 17 OPTICAL ILLUSIONS 




Optical Illusions are drawings and other j|ilngs that trick 
your ^ye. Figure 18 Is an example • Do th6 heavylines appear • 
straight or curv^? .Use^Vbur ruler to check your eye. , 

« Onalcal Illusions -often fodjl^our eye about size. In Fig- 
ure 19 esftlmate which of the two long, straight line segments Is 
the longer. Check your estimate by ineasurlng the lines. . . 
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Is the hat In Figure 20(a) taller than- it Is wide? In Figure 20(b) 
• which pencil is longer, the left or the right? f 



V — 1 
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%^ Which is greater In Figure 2^ (a), the man's arm spread or 

"his height? In Figure 21(b), which flower"has the bigger center? 
which' boy Is taller In Figure 21(c)? (What do you mean by taller?) 



Figure 21 
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SECTION 1 TURNS- AND ANGLES 




Two line segments that meet at a point, as in Figure l,.form an 
angle. One way of thinking of angles is to Imagine a line segment 
turning.with one end stationary. The two lines of the angle Indicate 
the. starting and stepping positions . • ' ' ' 



ERIC 




Figure 1 



If we think of the horizontal line in Figure 1 as the starting 
position, there are two ways the 'line could have turned to get to 




57 



the other position. We can put a curved arrow In the diagram of 
the angle so that we wjU knovsf which way the line turned. (See 
Figure '2.) - / ' ^ 





Figure 2 

Look at Figure, 3. Because a line has to turn farther In 
angle a. than In angle b, we will say that angle 'a. Is greater than 
angle b. To measure angles we measure the amount of turning;* 

C 





Figure 3 



In Figure 4 note that the arrows In angles c and d indicate 
opposite directions of turning. However, the amount of-tumlng Is 
the same. In angle c the line Is turning In^the same/dlrectlon as 
the hands of a clock ^urn, so we call this a clockwldyp turn or rota 
tlon.^ The turn In angle jd Is a counterclockwise turn lor rotat^n. 
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Figure 4 



A 



If a line turns so that It comes back to its sta'rtlng position, 
we say It makes a full turn . Figure 5 shows thr>e-dlagrams of full 
turns starting from different positions . Note that In each case, 
.although the line has made a. full turn, It doesn't look as If an angle 
was fornjed because the starting and stopping positions of the line 
are the same. " 






, Figure 5 



# To measure angles we can use one full tl^n as a unit for meas- 

uring angles. 
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1 . If an- angle representing one full turn is taken as a. unit for 
measuring angles, what Is the size of the angles in. 
Figure 6(a)/Flgure 6(b), and Figure 6(c)? 

2. • The angles In Figure 6(b) are so common that they have a 

special name. Th=ey are called fight angles . Nhme some^* 
examples' of right angles you find In your classroom.. 






(a). 




(b) 
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V T 

3. In Figure 7 decide, for each turn, whether It is more than, 
equal to, ot less than a righjt angle. 




(d) ; (e) 



Figure 7 • ^ 

4. What part of a full turn i^each of the angles In Figure 8? 
All the angles in each drawing are the same size. 

; Figure 8 



(a) • • (b) (c) 
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SECTION 2 A SIMPLE PROTRACTOR FOR MEASURING ANGLES 





You can m^l^e^ simple instrument ca'Ued a protractor for 
.measuring angles. Trace a Arcle on a piece of paper. Be sure 
that the diameter of the circle Is about 5 cm. Cut out your, circle. 



Now fold your clrcte three times; first in half, then again 
in half, and finally once more in half. It will look like Figure 9(a). 
While It 4s folded, cut off the tip of the point. JMow unfold the 
circle and draw lines-along the folds. It should look like Figure 9(b). 










\V(b) K 



' Figure 9 " ' ' 

Pick one lln^ and think of It as the starting position for all 
turns. Label/thls line with a ^'0" as shown In Figure 9Xb). A com- 
plete turn from this line would bring you^back to this same line. 
We can represent a complete turn by the number 1. The other lines 
form with this' line an angle that Is some fraction of 1. 

Starting at the 0 line and going around counterclockwise, 

use fractions to label the slze*of each angle on the pape^^ 

- - <j 
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To Treasure an angle, place the center hole of your protrac- 
tor over the center of the angle. Place the 0- line on one side of 
the angle. The\lace whqre the other side of the angle falls on 
'the protractor glveVthe size of the angle. 




Use your protractor td\rneasure the angles In Figure 3 and 

Figure 7. If the angle falls' between two angle measures on 

your protractor, bracket tt^e measure 'of the angle. For ex- 

\ 1 3 * 
ample, tf the angle is between — and - turn, write 



turn. 




You can divide your simple protractor into twice as many 
angles as you have by folding it again. You would then havQ angles 
which are half the size of the ones marked. Sometimes you may 
wish to divide an angle into two equal parts v^ithout folding the 
paper or page on which it is drawn. Here is how: 



You can use a pair of parallel lines to divide an angle into 
two equal' angles. 

'A 

^Lay a narrow straightedge along one side of the angle to be 
divided" as in Figure 10(a). Now draw a line segment like AB that 
is parallel' to t|ie side of the angle along which the rule lies. 

A B ' 



*4 
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Next,, lay the straightedge along the other side of 
as In Figure 10(b) and-repeat what you have just done. 




Figure 10(b) 



Draw a straight line coi^nectlng the p9lnt of intersection of 
the parallels with the-polnt of Intersection otthe two sides of the 
angle (called the vertex of the angle) as shown In Figure ip(c). 
You have now dlvl'ded'the original angle Into two equal parts or, as 
Is commonly said, you have bisected tlje original angle, / 



B 



Figure 10.(c) 



I. 
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Bisect each of the angles in Figure' 11 and give its size. 



3/8 TURN 





Fngure 11 



SECTION 3 ' MEASURING ANGLES IN DEGREES 




Itls^not usually convenient to measure angles as fractions 
of a fajlf^rn. What is cemmonly done is to divide an angle repre- 
-senting one full turn into -360 equal p|,rts called degrees (written as 
3 6d^). The number 3 60 wasnarobBbly chosen because it can be di- 
vided evenly by many different whole numbers. So now. ^e can name 
• many parts of a ful^tum with whole numbers instead of fractions'. 



•J 



2 X 180 = 3,60 



3 X 120 = 3i 

4 X 90 =^ 360 
• 5 X 72 = 360 

6 X Q0°= 360 
9 X 40 = 360 
10 X 36 = 360 
12 X ' 30 = ,36,0 
.15 X 24'= 360 
18 X- 20 = 360 
•etc. 
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Starting at the 0 line, labei the angles on your simple pro- 
tractor In degrees. Write the degree name directly, below 
the fractional name for each angle. 



7. What size angle, In degrees,^ is formed' by^the hands of ea'ch 
. ' clock In Figure 12 ? ' . - 




8. Use your protractof to measure at least five angles of.dlffer- 
ent size In the bridge In Figure 13, If the angle falls between 
two angle measures on your protractor, bracket the measure of 
the angle* For example. If the angle iO^tween 27 QO and 
3150', write 270O <[j< 3150. 




3-11 



/ 



9. 



10. 



Draw anglek whose sizes are 
'(a) 90° . 45° (c)" 



135° 



(d) 315° 



'11 




\ \ • , 

Without using ^ proft^ctor, figure out thelme^sure of the 
smaller angle form'ed by the hands of j_j::idck at each of the 
following times. - (Drawi^gia picture for each case may help.) 

(a)y 4:00 (b) 9:00 ' (c) 11:00 (d) ^5:00 (e) 4:30 

When you bra'cket the angles in Flgufe'<|3, how many^degrees 
■are there between two neighboring Brad^^ts (two-n<dSiloTing 
fplds)? . ^'Y 



Here's a way to measure some angles without using a pro- 



tractor. Trace -the J^r m Figure 14 and cut It out. Now cut off^ 
the five points bf the star. Place them side by side so that»the ^. 
five points all meet. How large Is-^the angle at each of the points 



of the star? 




Figure 14 



Trace and Cut out* three Idehtlcal copies of Figure 15. By 
, placing the three copies carefully together, you can find out what . 
• each of the angles must be. 



4 



n. 
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SEGTI9N 4 MEASURING ANGLES THE- NEAREST DEGRE^ 




The protractor shown In Figure 16 is marked off Iri degre^gs. 
from zero to 180. There are 'two numbers every. 10° around the 
scale. One set of numbers marks 'degrees counterclockwise from 
- right to left.'* The other set reads clockwise from left -to right. 

Thls^ makes It possible to- measure angles from either left to right 
/or right to left, ellnrinatlng awkward or upslde-dbwn positions ot 
*the protractor. * ' - 



f: 



0 



\ 











p-5.2-, 






Figure 16 




It 



Estimating Anqttels 

'e Into groups of three^ four play^^. EaJff player 



draws a'cafd from the ^ec^T^^pUira by your teacher. The player 
drawing the largest angle plays firsts Place the shuffled deck face 
^'^^wn In the center of the table.' The first player turns over the top . 
card. He estimate&the measu^m'ent o"f the angle by bracketing the 
^ angles, making the upper brack^ 10° greater than the lower bracket. 
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The player to the left then measures the angle to the nearest degree. 
If the first player, bracketed the angle he gets one point *^he tiext 
^Dlayer then draws a card from the top of the deck and givesViis e's- 
tlmate. The gam^' continues until all cards have been di'awn. The 
player with the highest total wins* 




12. 



What angleVould complete the half turn in each case in* 
Figure 17? (An angle that represents" a half turn is called 
a stra ight angle.) This question (^an be- answered without 
measuriitg. How? 




\ 



Figure 17 
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In each dla^r^ of Piguce 18, what Is the size of the angle 
that completes the full turn?. 





(c) 




*.(d)- 




(e) ' 



Figure 18 




Describe how you used your protractor measure the arjgles 
the triangle in Figure 19 to, the nearest degree. 
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15. Use a protractor like that In Figure 16 to measure the dlffer- 
. ent angles In Figure 13. Do youf results, agree with those 
you found for Question 8 In Section 3? 

L6. (a) Are the angles a, -and ^(b Figure 20 the'same size? To 
< find out, measure them with a protractor. 

(b) ' Do the lengths of the sides of an angle have anything to 
, do with the 'size of the angle? 




Figure 20 



17. Without using a protractor, make sketches of angles whose 
slzes'are; ' . 

. :30O/ 45°, 120°/ 90°, 155°, 85°, 270° 

Check your drawings by actually* measuring with a protractor. 
In leach case determine how much your drawing Is In error. 

18. • How many angles are formed by the intersection of two- lines? 



Are they all different? 




Vertical Angles 



to6k at the pair of angles formed by the^two intersecting 
lines/in Figure 21, How does the figure change if you^flip it over,/ 

leftA'tojrlght? If you turn it upside down? Does this suggest to, 

/ i * / 

^ygu what angles are equal to each other? , Why? . " - 



'U,sing the fact thatkTA+^'B = ISpo and^B = I8OO 

we can show that-^iilA =^C. T-j^A,^B, and-kC represent the sizes 
of these, angles J 

• ' ' \ 

^A'+^B =• I8OO 

^C+^'Q = 180O 
Note that we c^n write either equation; as 

□ +^B=180O 

where we write In the box the number that wheh ad^ed to^B gives 
I8Q0. But there Is only one number that can be added to^B to 
give 180^, and so-^i::lA and-«i:lC giust be equal.- 

19. Can you show that^B In Figure 21 equals ^D?| 

20. In Figure 22, without using a protractor find 

(a) the sizes of air the unlabeled angles. 

(b) the sum of the angles^of^e triangle. 
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Make the triangles shown In Figure 23 and assemble thein 
Into a s^quare. 



e 




Figure 23 



SECTION 5 THE SUM OF THE ANGLES IN A TRIANGLE 



Measure, to the nearest degree, the angles of the triangles 
lij Figure. 24 and put your results In a table like that shown in 
Table 1 . * ' • • 
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TABLE 1 



OTangle . 


1 


2 


3 


4 


, Measure of 1^ 
Angles 

f 


























Sum of All 
THree Angles 


> 

t • 






* 



Now IpLok at the sum of the measures of the three angles in 
each triangle. What does this tell you about the sum of the angles 
of any triangle? 



Now draw any triangle > Measure the three angles. -What 
is. the sufti of these three angles? 



• ^ Cut out a triangle- and number the^angles. By tearing off the 
comers of th§ ttiangle and re^rrangi^ig the pieT^es, show that the 
sum of the angles in your triangle is- 180*^, 



^ Can you 'fold the vertices (the ^comers) of a paper triangle 
so.thaJMthey meet at a point on the^ong side^and^show that the sum 
of the angles of a triangle is 180^? 



In the triangle below^^a +^c = 180^. Why? It Is 
also true that-kx +^c = ISO^; .Why?- What can you conclude about 
^x*arid the sum^a +-^b? ^ 




SECTION 6 • PROTRACTORS AND ACCURACY 




Three protractors are shown in Figure 25, How large a gap, 
in degrees, is bracketed by neighboring marks on each one? 



aN\\\'I'//////. 



— o 



=0-8 



- — 



80 ^0 ^00 



if 



Hr — 00 



^Fi^^ire 25^ 



Cut a large triangle from a sheet of paper and place it on 
top of one of the protractors in, Figure 25 and measure -one of the 

angles of the triangle. \ 

♦ •* ^ 

Next, measure the s'ame' angle with each of the other pro- 
tractors* Which protractor do you think gives the most accurate ' 
measurement of the angle? 

If you want to Icnow the size of an angle acfcurately rounded 
off to the nearest degre^e, which protractor (or protractors) would 
you use? » - ' . , 

9 

V Use your commerclarprotractor to estimate the angle In 
Figure 1 -to the nearest 0 . l^-. 

Put your answer on the chalkboard, next ^ those of your 

/ • 

classmates* 

How far apart -are the largest and smallest measurements r 
made by your class? Does this tell you how closely- you can bracket 
the measurement of an. angle, using your commercial protract9r? 

As you can see from the scales on the three protractors In, 
Figure 25, the larger the protractor, tlte greater th| distance be- 
tween degree marks This is.'not.th^ case with a centimeter scale* 
On anjr metfic ruler, long or short, O^l cm marks^are^always the 
same distance apart. By making It longer,, we cannot improve the 
accuracy wffh^whlch w6"read a centimeter scale; Special devices 
are required to measure accurately to hundredths or thousandth's, 
of a centimeter. ' " < * . 
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• A protractor is different. We can divide any half circle, no 
matter how large, into 180 degree marks and fractions of degrees. 
,We can, therefore, make a more accurate protractor by makifig-a 
larger protractor. There are-limits, however. If a protractor is 
very large, It may be that we. cannot accurately extend the dides 
of an angle we wish to measure. Our error in extending the sides 
may be^greater^than the angle bracketed oy the smallest divisions 
' on the protractor. Or perhaps we can't line up the protractor with 

fla^c 

Finally/ there is a limitation in oijfr ability to make small 

fractions ^accurately on a protractor because of its manufacturing 

process. t 

v' • / . 

As in the case of measuring lengths, there are special de- 
vices that improve the accuracy of measuring angles beyond that 
obtainable with a simple protractor.. In astronomy and surveying, 
for examplp, specially design^iatele scopes m.ake possible the 
measurement of angles^ to tiny^ fractions of a degr^. "N^ 



the^s\des of an angla^ccurately enough, 



SECTION 7 ANGLES OF REGULAR POLYGONS^ 




1 



What is the' sum of the angles of a four-sided figmre? 

The sum of the angles of a triangle is IsWt-^ we can find 
* . • * 

the sum of the angles of any figure by dividing it into the smallest 

number of triangles (with no lines crossing). 
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Divide figures like those below Into triangles by drawing 

\ ' — 

one-line segments connecting any pair of opposite corners. 



Draw some different fouf-sided figures and divide them 
Into triangles. 
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Into how few triangles can you dlvlde\ four-sided fig- 
ure? 

What IS'the sum of the measures of ^he angle\of a four- 
sided figure? 

A figure fffat has all sides and all angles equal Is called a 
regjilar po^goh* A polygon Is any plane figure bounded by 
str-aight lines, from* "poly" meaning mhny and "gon" meah^ng 
angles. Here are some examples of regular polygons. ' 



How lar^e is each angle In a regular foClr-slded figure? 
*: * * . ^ ' ' 

24. How could you find the sum of the measures ef the angles of 
a flve-.slded polygon^ What is this sum? 



73' 



25. Into how few triangles could you divide tjie^polygon in 
Question 24 ? ^ 

* V * 'I 

26. What Is the sum of the angles In a regular five-sided polygon 

27. What is the measure of each angle un a regular five-sided 
polygon? \ , ^ 



28* Find the measure of each angle in a regular slx-slded polj^gpn 

29, Complete Table 2 describing regular polygons . ' ^ 

TABLE 2 



Number of 
Sides 


Number of 

^ A's 


Total of Angles 


Measure of 
Eacri\ Angle 






1 X 180° =180° 


|- X 18(f° = 60° 


4 


2 


2 X 180° = 360° 


^ 3 60° = ^0° 


5 








6 











30. 
31. 

32. 



Into ho^ few tirlangles can an eight-sided polygon be divided 
♦ 

What will be the measure of each angle In an eight-sided 
Regular polygon? 

Can you wrl^e a rule /oi 
-polygoii? • 



or finding the sura of the angles of any 



33. CdK[ou write a rule ref the measure of each angle of a reg- 



al flB51ygon? 
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SECTION 8 TILING WITH REGULAR POLYGONS 




You may l\ave se^n pictures such^as Figure 2 6, which is a 
drawing by the Dutch artist Maurlts Escher. Notice that he use'd 
the outline of a pian to fill ^ surface without leaving any gaps.. We 
couM, therefore,, design tiles In the outline of a man and use them 
to tile a floor. , . . 




\ 



Figure 26 



. . 80. 




Needless to say, tiles like the ones In Flgui 
'cult to design. Let us ask a relarted but somev^at easl^ question: 
Which of the regular polygons we studied^ in the previous sfe^lon 
cbuld be used as floor t4les? Remember that to cover a surfack 
such as a floor we must be able to fit the tll^s together without \ 
leaving any spaces between them. 



Using Index cards (or st'lff pieces of cardboard) draw one 
•of the following regular ptolygons on each* card. Make the sides 
0l each polygon equal to 2 era, 

fe) A regulaKthree-slded figure. 
J^) A reg&lar fbur-^ld^ figure. 

(c) A regular five-sided figure. 

(d) 'A regular i^lxV-sldedllgure; 

(e) A regular ^Ight-slaed f Igifre . . 



Nov; cut out each oi thfe>{5ilygons as shown In Figure 27 
anc^tape the cut as Illustrated. 





Now, using the template - the hole left by the. cutout tri- 
angle — as a stencil, determine If a regular three-sided polygon 
can be used to tile a floor. To do this, trace the trl'Sngle, then 
mark a point on one of the yertlcear{Figare 28).- Begin tiling by ^ 
filling m the space around thdt point with triangles. 




Figure 28 . { 

/ » ' ^ • 

WlfTi the same procedure you used with triangles, detef- 
mine which of the remaining regular polygdhs can- be used to. tile 
a floor. ' ' . , • * 




34. tJse your knowledge o'f the angles o£ regular polygons and thev ^ 
[results oT the tiling you have j-ust done to answer the follow- 
ing questions: ' ♦ 

(a) ^ Does the triangle tile the plane? 

(b) How many triangles meet-at the. labeled point? ^ ^ 
- . ^ (c) What^-ft-^tfp'ffieasure of eagh' angle of^the trrangte"? 

(d) What Is, the'sum of-the angles around the pQlnt?- " ^ 




35. Using the tiling reaij^ts, answer the four questions of'Que^ 

tion 34 for this^ remaining regular^lygons. ^ ^ 



36. -(a) the' regular polygoas that tile^^loor/ what Is^he sum 
I of the angles ^^ound the *^^ked point? ^ ^ \ 

, .(b) State In yoiir own wdras^ how-you could'de^ermlne' whether 
i» a regular polygon, would orwould not tll€ a floor wltllotft trying 

it. . ^ ^ - ^ / ^ 
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SECTION, 9 TILING WITH MORE THAN ONE POLYGON 
^--^ ^ ' ■ 




In the previous sectldn we saw that the only regular polygons 
With which tiling Is possible are trtangles, squares, and hexagons. 
(A,six-s,lded polygon Is called a hexagon ,) The. tiling patterns using 
these poTygons are hot-v^ry complicated.. However, If we use more 
than one of ^these^olygons we can get rather, attractive patterns^ 
'figure 29 show§ part of a pattern using two squares and three tri- 



•^FigiSre 2'9 



angles meeting at a liolnt. Draw thls^ pattern, c5n your paper using 
the templates you made earlier. 'Can: you complete the design?, y 
Does every. pofnt Indlude a comer cjftwo squares and three triangles?' 
What is t^e sum of the Angles at that point? - 




, We can use polygons to tll§ a floor if the sum of the Angles 
around appoint Is 360 degrees! ^ ^ * I ' - ' 



\ 



37. There are four other patterns that use two different polygons. 
F4hd two of^tHem ,. • 



38^' There Is one pattern that uses three of the polygons* yOu have. 
Wha^ is It? ' • , ' \ /' , 



39. There is a pattern that uses twelve^slde^^polVgoris and one 
other. regular polygon. ;What must the other polygon.Jbe? 
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SECTION 1 , RUBBER .BAND ENLARGEMENTS ' 





Look at the sketch of the airplane In Figure 1 . How would . \ 
you enlarge this sketch to twlce^its size? Would you have tp-mea- 
sure the length of each line segment and then double it? Not nec- 
essarily. You can makathe enlargement with a pencil, a Wbher * 
band 'and gprfie adhesive tape. . > 

Place-na sheet of papef on the page containing" Figure 1 SQ 
^ that the paper covers the f>age . Trage the Qlrpley;ie In-ifie figure . / 




/ 

. . ■ ■ ■■ •; Figure I 

/ . 
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^ Now tape the tracing to the edge* of actable or desk as shown 
. ' ' ' * / ( 

Irf Figure 2^eJ. -Bury one end of the ^bber bdnd under a couple- of 




- 10 cm long and 'have a classi^te mark the rubber band at the 5 cm 
^mark, the hall-way point, as shown In'Flgure 2<b). ^ ^ 



♦ * 



Now, 'with the. pencil point firmly on the paper, trace out an 
enlargement of the airplane. This you can do ^y rngvlrig the pencil 
[ ^^P^*" paper while keeping your eye on' the^lf-way ;riark to ^ 
' ma)^ sure it follows the outline of the airplane Sclng (Figure 2(c)). 





Use the rubber band methbd' of enlargement to enlarge the 
nose of the a-lrplane In Figure llJd three-times Its size. 



SECTION 2 ENLARGEMENTS MADE .FROlOf A POINT 




When yqu used a rubber' band to double the size' of a draw- 
> Ing, you placed a mark in the middle of .the rubber b^nd'. The ru'bb.er 
band stretched and contracted as you made th« ^nlarg^mentf. Eoyi- 
^><^verl at all times /the distance frojn the tape at th^ end of the rub- 
ber hind to the»pencli was twice the distance from th"e tape at the ' 
ehd -jxj the peVicll mark . ' ' . . • 



/ 
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Because the stretched length of the rubber band wa^^alwayi^ 
twice that of the distance to the mark, you were able to make a two, 
times enlargement.- Figure ^showa another way of enlarging a fig- 
ure » We pick any point called the center of enlargement , and 
draw straight lines '-from^t' through each of the comers in the flgur^ 
In tum (Figure 3(a)) . ' '/ * 



'^gure 3 




y 



, • / lJow>» to get a tw.o times enlargement, we do what the rubber 
band wpikcl have*done» We measure from the center of enlargement 
to each comer oH the-drawihg, Th'en we mark e^^ju&l 'dlstancfe^ fronv-* 



the exteasiorf of tjie llnes beyond the corners (Figure 3(b)).. • - *' ^ 

Finally we connect the new .marked points to get a two time$- 
enlargement (I^lgufe 3'(c)) . '/ . ' . 




A center of enlargement may be ^J^^titi., anywhere: below, , 
•above, i^iside, or on the figure itself. In Figure 4, the tdp corner 
P. of triangle PAB is used as the center. First, we exvtend lines from 
P through all other corners of the figure" (see Figure 4(a)).- Then we 
Mo'cate the new~ point" C twice as far out from the center P as the 
original point A (s>ee Figure 4'(b)). (We locate D in the same way. . 



1 



2,0 cm 




, Figure- 4 



5.0 cm 




/ 



• V • • ^ • ' --S^ "^^^^^ 4 U -as sides PA and ,PB get 'doubled td^^des, PO 'and 
^ ¥d, iid|>AB-gets enlarged teJ ?ide.C*D ./Measure -to sie that CD is "two 

• times larger j-han AB. . ■ •. , • ' "\ » * . > ' 



/ V ^ .Each side and its ■enlargement are called corresponding' sldP 
.Wjieh a .figure' Js enlarged each paicof corfespon^ing^aides iX^aral 



^, • Jor'the two sides- I'ie^'rrfhe ,same strarl^^t^line") . d'^ec^ tJfee that 
' sides AB and CD are parallel by using the'procedure described 'in 
. Section 13 of Chapter 2. ^■ ^ ' -. *' • ' ~, , 



1§J 



Draw a square, 2 cm on a side, ch'^ose a polrit to'use^as a 
center oi- enlargement and then make a three times enlargement/. 

Draw another 2 cm square and this time choose a completely^ 
different center of enlargement and again make -a th^ee.tlmes en-V. ^ 
largement.^ . ; , ;^ > 

Does It matter what point we choose for a center of, enlarge- * 
ment? , ' * - , 4 ' \ 




Trace the rectangles and .points below. Double each rec--; 
tangle from the Indicated center of e'nljifgement. Rectangle 1 should 
be (}oubledJtvy,lce,. ..x)nce from each center labeled "1." What kind of 
antral do you get? 
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SECTIONS^ REDUCTIONS FROM A CENTER 



J 




We can<<ise the methoJL,,of enlargement .developed in the last 
section to -also reduce a figure. We start wlth..the larger flag In 
Figure 5, thensflraw lines to any point P chosen 'a|^a Center of re- ° 
duction. To g^ a one^half reduction, we m^rk the halfway point 
from the center of enla^'ement to each corner of the flag (see-Flg- 
ure 5) . Connecting these pointsTwUl give yo'u a smftler flag that 
Is the saffte shape as the original, but half as large. ■ 




Figure's 



. How do we find the halfway point on ea^ji llije ? We c.an 
use t^ie same, method we used to sub'dlvide the strips in Section 6 
of Chapt^2. We- place a sheet of ruled paper und'er the figure, 
then adjusts!!lilfark the halfway. polht and repeat. the process for 
eaish Segment, • , 
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\ 



1%e quadrilateral, B, In Figure 6 Is a re(^uctlon to one tijird 
the size of the quadrilateral A. 



'•h 

1 





'Show -by measuring that each side of quadrilateral BJFlgure^ 6) 
'.Is oji^thlrd of the le'ngth^of.the corresponding side ^f qua7drll^era| A 

* * Trace the flgu^re and the. center of reduction In'' Figure 7 and?' 
the f^i 



reduce 



gure to one-third Its size. 



•ft 



\ 
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SECTION 4 



THE SCALING^ FACTOR- 

— S_ 




When a flgure^is enlarge^three times, all lengths of the ' 
original figure areyfW^^ Similarly, when a figure ' 

Is r;educed ti one-ha^[ts^origlnalj^ all lengths of the original 
figure are multiplied by one^ialf . \e number by which' we multi- 
ply the' lengths of the original figure \s called the scaling. factor : 

. new-tength = (scaling factor) V(c,rlglnal length) 



This equation is read from left tof^hVlike any othW sen- 
4t3}£ehi English. However, when you carry' outfits instructions , 
•you go fropTri 

^original length,, and multiply. it 




&■■-<»■ ... 

tlERic;,...' 



is the new length. " ... . \ 

• ^olng from right to lef^ in -carrying out the instructions 
. - given 6V an equation is^'tandard procedures in mathe^aXics . 



\ 



^^^^^ 



\ 
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What scaling factors have you appliecJ In your enlargements- 

and reductions sb far? « 

^ ♦ \ ' 

An,enlargement of a\trlangle Is tnade using a scaling factor 
bf 5. If one side of the original* triangle li^'9 cm long, what 
Is the length of the cortespondlng side of the enlargement? 

A scaling factor of 5 l& ushd In making an enlargement of a 
snapshot. If a tree In the enlargement Is 15 cm tall, how 
ta\^ Was the tree In the snaps^pt from which the enlargement 
*was made? , \ ' 



Figure 8 shows three kites, 

(a) If the kite in Figure 8(a) Is the original, what scaling 
factors were used to draw Figures 9(b)'^nd, 8(c) ? , 

(Id) ' If tfife klte^ln Figure 8(b) l^ the orlglrial, what scaling 
factors were used to draw Flgtft^es 8(a) and^8(c)? 



V 
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5. A car on a-photographlc slide Is^enlarged by a' slide projector 
• by a factor of 47. Whaf is the lei^gth'of the car on the slide ' 
If It Is 94 cm on the screen? { , ' 



6. For each pair of triangles In Figure 9 find the scaling factor 
from the small to the large triangle, and from the large to the " 

. smaH triangle. ' . * 

■ »/ • • ). 

' " - . ■•-■■(. : 

7. V • How does the size of each angle in an enlargement or a redyc- 

; Uon compare to each angle in the original? Use a protractor 
to compare. corresponding angles In eacih pair of triangles Iri^ ^ 
Figure 9. ^ ' , : \ 



0 



E RIC ) . - 




V 



When vou mudtiply the length of each side of the ,trliang|e - 
Figure 10(a) by three you^^et Figure 10(b) / When you add 3 pm 
-to the length of eacli side In Ftgufe IQia) you get the triangle 
'In Figure 10(c) ^ ) _ ^. \ 

(ay '-Are th,e^-^gles^ In Figures. 10(b) and 10(c) the same as the 
C(3rrespondlftg j&ngles'in'Flgur^ io(a)? \ 

(b>- Are both Figures ip(b) and lO.(c) enlargem^ents of^Flgure^' 




r,.,, . ' - ( r'^'^SfiGT'lON 5 ^° A SIMf LE >M UL.TIPLYING -^EVICE 



• In Sec^n 2, Figure 4, a triangle Is enlargediSslng Itsi^p, 
P, as the center of -er^Wrgem^n^i vThe enlarg^ side GD Is parallel 
to the corresponding slde.AB. ; \ r • -'^ \ <s 

Instead .df beglnnincf with a center^of enlargement 'and enlarg^ 
Ing one side to a coitespondlr^g side, wfe cap reverse the process* 

We can tak^' a pair of parallel ^segments and flnd a' center of 'enlarge- 

^ \ ' 
ment. \ 

^gufe 11(a)* shows two parallePllne ^egjnents. The fni^ls 
J cm long! the second Is 3 cm long^ To. find a centfi(f f rom^-^Tfch the 



if 




(: 




cm segment eiTlarges to t^e 3' cm segment, we^ra^44pes- cOnnect- 
phe e-ndpothts of the^egments . The point of Intersectl'&n of these 
linies, P, gives us the dfenterwe are looking for (Figure ll-(b))>\the 
scaling factor for this enlargement 'is _3i " ' • 




^is ii'iiM-^ r I 111 Mi^iilTTfTWii^i^ III I III 1 1 J III J property.' 'If 
can be used to enlargeS^ents of anyOengtfi by a factoFof 3, as 



.-V 



long a/ the se^ents are_ extensions Xor parts'), of the original' seg-''^7° 
'Nments^ Figure..! 2 shows the two"" parallel segments extended. We 
^, 'now'draw a. line from P that crosses both, parallel .lines (Figure 13). 
Thten CG is three timeg- as long as^AF.. - * . * . . ' ^ 



r 




-I 



'M Trig 



Since i^pth lengths are expressed by nymbers, we have con- 




structed a device that multiplies numbers^ by a factor of 3. Tq make 
^ ^ easy to use we mark off scales on the two parallel lines.. Fig- 
. ure 14 shows *how we can-use this device to find the product 
3-X"(2 . 50 • We^can ;^raw a stra^ht line from P thfou^ the point' 
labeled 2.5*on the upper scale. We continue the line until it hits 
the lower scale. This' occurs at 7/5, which is the product's x (^.5), 



Figur:e 14 




^ This process works because we are really enlarging segments 
so that . *^ * > ^ ^ . » . 

^ , ' , (nevy length) = (scaling factor) x (orlgihal length)*^ 

'-• • 

We can use this method qf constructing^ a multiplying device 
^\^for any multiplier. Suppose the multiplier is to be 2. 5. You start . 
with the two parallel scales. You connect the endpoints of the 0 to 1 
segment on the upper scale with the ends of the 0 to 2. 5 segment on 
the lower scale 5^ Extend' tli^ lines until they c^oss, ,and you have the 
new' center, P, for multiplying by 2: 5 . 




y .' Use 3,rulex on Figure 14 to find the products 3 x (2 .D) , 3 x (0 . 7) 
and 3. V (2.9). . ... 

10. Use a*(uler on Figure 14 to solve the equations 

" .^3x[]]=6.o; .3 xQ]= 5.7,^ .'and 3xQ=4.2 ' 

11 . Construct a device to multiply any number between 1 and 5 

'>^l- ■ ■ . 

12. One ii^ich equals 2.54 cm. Qonstruct a device to convert 
inches' to centimeters. / 

13. ' The perimeter of a circle is given (very nearly) by the formula 

\ perimeter = 3.14 x (diameter) , ^ 

Cofigtruct a device to rapidly find the perimeter of any circle • 
with a diameter'between jO and 5 cm. 

14. In 1974 one German mark was equaljto about 0.40 American 

. ^ dollars. Construct a device to convert prices in mar-ks to. ^ 
prices in dollars . Use your device to' obtain the price in 
dollars of an item that costs 96 marks? ' . * J 



15. ' Could 70U use the device of Question 14 to convert prices in 

dollars to prices in marks? / " ' ^ 

16. If tl;e scale of Question 14 extended only to 10 marks, could 
^ It be us^d for conversions up to 100 marks? .What woul'd be 

the pVic/e in dollars of an'ltem which costs 9-6 marks? 



17 • We cdnnected'the segment from 0 to 1 on the upper nvmb'er 
line to th^ segment from 0 to the lower numbe04he to 
g^t the, center of enlargement in Figure 12. ♦ Are there other 
segments^that could have been used to find this'center? 
Illustrate witji a drawing. , » ^ - 



1^.^ Is the distance between *the two number lines important in 
the multiplying devices?. ' , • 



SECTION 6 ' SIMILAR FIGURES: SCALE MODELS 




Imagine that you have-a photo ^d an enla'^gement of the 
photo,^ Certainly the'^nlargement remains an enlargement regard- 
less of how, the p^g'e on whict^ it is printed is turned • Just by look- 
ing at two photos, you^can tell by eye^whether one is an enlargement 
of the other or not. 



With pimple geometric shapes 



, hc)w 



ever, it is not alw 




0 



spot an enlarge.ment.* If a shape is turned or flipped 



over, it may Be difficult to tell by eye whether one is an enlarge- 
rpent of the other. . , ^ 



A 




Figure 15 
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Is one triangle in Figure 15 an enlargement of the other? 
Apparently it is not. It appears as if AB is reduced to DE, while 
BC 15 enlarged to EF ! < ' . ' 



SSSy Actually triangle DEF is an enlargement of triangle ABC. 
^To see that this is so /trace the two triariglesV^d* cut out the 
copies'. Move the copies around* (flip over if needed) ojntil you 
can «ee that 'the one is an enlargement of. the other. 

Two geometric figures, onepf which can be shown to' be 
an enlargement of the other, are called similar figures . 



m 



I pis 



19. The pairs of shapes shown in Figure 16 are not similar. Ex 
• plain why . • ^ • 

• ■ '* J 






> 



Figure 1 6 




10 J 
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The pairs of shapes in Fig^ure 17 are similar, Pescri,be how 
to move one shape to make it look like an enlargement of the 
other, ' . , * ' 




Which of the pairs in Figure 18 are pairs o^ similar figures? 
Trace ^nd move to find a center' qf enlargement to test your 
answer. 
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22V^ There are thre^ triangles ip Figure> 19: two of these triangl 



V . are similar. Which two are they?^^ 



ngies 




Fig\ii:^_:i^ 




f 



One often makes a small scale model of a'^^^hlp or a building 
before it Is constructed. This allows people to get an idea of what 
th^real ship or building will look lik^. 

By making'length i^ieasuresnents on the scale rrrodel 6nd mul- 
, • ' * • ' * ' ' ' ({ 

tlpiylng them, by the scaling factor, you Qan.calcul^te lengtf/s on 

l^l^e real thing. 



(a) The length of a rpodel^car is 19^cm.\ The real caf is-2-0-- 
timesylarger., What is the length. of the real car? 

(b) If the'dlstanjc^ from the front .bumper to the windshield, is , 
5 cm on the rpodel, what is the same distance^on the real car? 




23. ' 



24-, 



(a) * A scBle mod^l boat Is the size of the actual 

25 . ^ 

the length 6i the model is 75 cm, what is the length 
/ actual boat? ' ' * . 

. • ' ' ^ V/ ' 

(b) ' If\the height dtthe nrfodel is 2 6 cm, wHat is the 
?he acibal boat? , * . , ' 



Doat. If . 
of the 

height of ' 



r 
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' ' ' '1 ^- * 

^ 25. (a) An architect builds a inodel building whi^h is^— of the 

a-ctual size building. The width of the scale mode^of.the 
^ , *• building is 56 cm on each side'. Can the life size butWing be 
constructed on a lot that is 24 meters wide A * ' 

(b) If the model has 12 floors, how many floors will the life 
size building have?* 



^ ' 26. An architect buiJds a scale model home ~ of the actual'size. 

A 12^cm block is added onto the model hofne for .the garage. ^ 
Can the garage contain two' cars? ^ * ' 



27. Bouwen Bijildihg Cpmpany -makes billboards that are 80'times 
bigger than the picture of the* billboard on^the cover, of this 
book . * . - , 

(al About how many meter? of wood are needed to make a 
frame that'^oes around the bilit^oard? " 

(b) If diagonal braces are placed'^long the bacl^'of the bi,ll- 
..^ board for extra stirength, aboOjif ho\y long must 6ne diagonal 
^race be? ' . ' * 



A 



r 



ERLC . 



28. A boaf is 9' m long , 12 m hig*h, and 2 m wide.' You have a 

sc^e model Yq'^^^ ^^^^ ^^^^ boat. What dimqnsionB would 
* ypii ilse to make 4 rectangular glass case toJ^old the 'model? 




' ' * 29. Trace Figure 20 and make four cut-out copies. Arrange the ^ 
1' * copies- to form a larger similar figure. * 



30. ^ There are eight different size* triangles in Figure '21 that -are 
' similar to tfe smallest triangular tile . Can you'f Ind them all ? 



10 



r 

'r 
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Ftgure 21 



104 
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31. How many different size figures can you find that are similar 
*• ■ to the^smai shaded tile 'in Figure 22? 



Figure 22 
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SECTION 7 \ STAIRCASE MULTIPLICATION * 



r 



If you'make mistakes in.multlplicajlpn because you cannot 
remember where to place the numbers on the pap^r/here is a way 
to help you. The Idea Is to draw "staircases" on paper before you^ 

• ^ * 

begin to multiply, so that the numbers^ill automatlcaHy fall in the 
right places. You also do not have to worry about carrying except 
when you add up. columns at the end of the multiplication/- 



0 



Suppose you wlsh'to rnultrply 574 hy 6. First write the num- 
bers down as shown In T^gxite 23(a)/ 



f Figure 23 (a) 



574 

X 6 



Next, make' some vertical^columns and draw a staircase as, 
shown in Figure 23(b). The staircase has three steps because the 
top number, 574, has three digits. 



(b) 



Si4 

6\ 



( 



Now start multiplying frpm the right. First, multiply 4 bi^ 6 
to get 24 and place the number 24 on ^he top^step as shown in Fig- 
ure 2^(c). ' ' , ' 

574 



(0 



10 



/ 



. .Next multiply*? by 6*to get 42 and place it on the second 
stair as shown in Figure 23(d). * ^* - • 





5 


7 


4 




. X 






6 




(d) 
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A 
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2 




















' * 


\ 





Finally, multiply 5 by 6, put the result, 30, on the third 

/' 

step and then add up the columns to get- the answer (Figure 23(e)), 



(e) - 



714 
6 



2 
2 



Suppose you wish tp multiply 574 l?y 36, a two-digit number. 

. ^ Because there are two digits in the bottom number^ you need 
two staircases - one^Eefeach.of the two digits. The fiHbt staircase 
Starts In the column -u^der the bottom digit on the right The 'second 
staircase starts in the column under the bottom digit on the left. 
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> 4 Figure 24(a) shows the two staircases and the multiplicatLQ,n by the 
. first digit on the right. This multiplication -has already been shown 
Figure 23(e). \It is shown again in Figure 24»(a), but >the columns 
have not been*- totaled because the problem ''s not fihi'shed. 

Figure 24 - 



/ 



574 

-56 



A2 



(a). 



s 



Z 

5 



5to] 



7 4 



o 



I 



(b1 



In Figure 24(b), in addition lo 'multiplication by the 'first * 
digit', the multiplication by the digit on the left is shown. It is 
done the same way a*s before-. . First, you'm'ultiplij 4 by 3 and put 
the prodifct, 12, on. the f[rst step of 'tl;ie .second s^taircase as^shown 
in Figure 24(b). Then you place the product j)f 3 X 7 =-21 on the 
second step- and th^ product 3 X 5 = 15 on the last'step^.T- 

' Adding the columns gives -the aYiswe||||^ \ . ^ " ^ ' 



ERIC 
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Use staircase multiplication to -find the answers^to the' 
following questions, 



.1' ♦ w 

j 



^OU 



32. Which would you rather have, nine quarters or 275 pennies? 



36. In doing the multiplication- 



375 ' 
X 24 



(a) Why will you use two staircases? » 

(b) Why will each staircase have three steps? 

(c) Do tTle^^^ultiplic^tion ^nd^have a classmate check your ' 



answer. . 



- - ^ ^ 34.- Multiply 34 times 56. 



35.- Which would you rather have / 55 quarters or 2 65 nickels? 

36^ Find the product of 574>X 306. ' ' ' 

37. A newspaper^ i3re%s 'prints 735 newspapers in one minute. 
• How many dofes*it print in an hour? ^ .4 

^ r . • - . 

SECTION 8 GRID, ENCARGEMENTS 



Here Is a way to make enlargements and reductions without 
g-a center of en-largement. We draw a gUd on the figure we 
h to e.nlarge a^ shown -in Figure 25(a); 




sh 



• enlargement In Figure 2 5 w^a^made *tiX copying the part 

ef the heart in each square of the small grid, in Fi^ui^e 25(a)^ onto y 
the corresporlcling square of the larger grid (Figure 25(b)), The num-/ 
ber^ and letters on the grid are to make it^easlertq find each square 

y .... [ ' ' 1 ^ 



on the* large grid that corresponds to each square on the small grl^ 




Figure 23 



.(a) 





1 


2 


3 


4 


6 


6 


7 




A'. 
















A 


B 
















B 


C 


J 














C 


. D 
















D 


.E 




J" 












E 


F 
















F 


G 








-i 








G 



2 3 '4 5 /6' 7 



B 
C 

D 

i 

F' 
G 



.(b) 
4 





















i 
































T 

















































A 

B 

C 

D 

E* 

F 

G 



1% 



I 



• Homemakers occa'sionally copy designs for stuffed toys' and 
.pillows by this technique* ^Flrst they enlarge the design onto news- 
paper, and then they cut through the newspaper and clotfi at the 
: same time to get the pieces that can be sewed together to make the 
or pillow, \ . ' * 




110 
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Enlarge the pattern for making a stuffed elephant that ks shbwn 
In Figure 26, Begin by making an enlarged grid on a sheet of graph 
/ paper. Label the grid squares as InTigure 2 5, Copy each square 
of »the picture on the corresponding enlarged square of your grid. 



\ - ■ 

I 2 3 4 5 6 7 8 9 10 II I2~ 13 14 15 16 17 18 19 



22 23 
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Figure 2-6 
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Before people construct a bqilding they draw a reduced floor j 
plan tO'show size of rooms, corridors, etc. Figure 1 is such a 
floor plan. It shows part of the building where this book Is being 



written. 



I 



A^floor plan and the real thing are not *slmllarilgures In every 
detal^. All the -lengths arjd widths of room and corridors are'scaled 
reductions. The thickness of the wal\s Is also reduced by the same 
scaling rfector. However, the doors and windows themselves are 
simply Indicated by lines and pairs of lines, glA/lng their widths 
without regard , to their thickness. ' * * * 

^ 1 / 

The scaling factor used In drawing Figure I Is YJg* '^^^^ is, (V 

1 ,m or 100 cm In the real building appears as Yqi^^ cm = I cri) 

In the drawing. ^ length of 2 m or 200 cm In the real building wRl 

appeax as TTjTT ^ 200 cm = 2 cm, and so on. Thus,' a scaling factor 



of Is 'Very convenient; the multiplication by Yqo carried oyt 
simply by replacing meters In the real building ^Tcentlmeters oh 
the drawing. 



1 




I Kk: 



112 
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' ' ^ Going from the drawing to the 
lar^ement by a scaling factor of lOO 
the drawing equal^ 100 cm (5r 1 m In the building 



real building |ve have^an^enr- 
That is,, every centimeter on 



Here the multi- 



plication by 100 is done^by replacing centimeters ob the^drawlng 



by meters In the real building.. /This 
'tlmeters, wjiole num^ers^ orfractlonsL 



Is true for any 




length,,ili- cen- 



Trace the floor plan of the Laboratory in ^Figure 1. Suppose 
the Laboratory In the floor filan Is to be used as a classroom. Mea- 
-sure the length' and width of your teacher's desk and your desk in 
^ meters. How lar^e would they be on the floor plan?-* Make pencil ^ 
sketches or cut out the scaled pieces of €urialture to show how you 
would aq|j(ange the^lassroom. ..(bon*t k^get the aisles.) 

' Th^ typing office has two desks 1.50 m Ipng and'0.75 m 
wide, and two typewriter tables 0 .75 m long- and '0. 50 m wide. 
Each desk has a'^typewriter table beside Itv How would you arrange 
the desks and tables in the most practical way? ' ' * 




1. 



A table. Is 1.5 m long and 0.8 m wide.' 
would you draw It on the floor plan? 



How long and wide 



2. A window is 1.3 cm wide on the drawing. How wide Is the 
real window?. - . ^ ,\ 




How thick are the Inner walls* in the building? The o\ter 
walls? The pillars? ' ^ 



7 



The darkroom has a 0.75 m'wtde counter along one wall.. If 
a similar counter Is placed on the opposite wall, how wide 
win the aisle between them be?r 



mem oe fr^ 



5. * One office has two outside windows* What is the. distance 
^ ' between them? . • , . 

'6. tCould three display tables 0.8X) m wide and l.-Sff m long be 

' placed in the hall next to tHe darkrbom and still allow space ^ 
for walking? How, much? ' , » . 



7; The L-shaped figure next to the' darkroom Is a bench. * About 
how many students wfll It seat? / 

. j ^ 

^ I ^ 

A student wishes to draw a plan of his neighborhood. The 
area in which he is Interested is a rectangle of length 250 m . 
and width ISOip. ^ I 

(a) How large a sheef of paper .does he need if he cfiooses 

1 

d a scaling factor of YqoO ^mali enough to get v 
the whole nelghboriiood on a ^heet in your notebook? 




-A SCALED MAP 5a NEIGHBORHOOD 



To gStthe floor plan "of part of a buildlng'*(Figure ;1) on a 
pag^ of this book,, a reduction by a scalijig factor of was . 
needed. To get a scaled plfen of a larger area on a page of the 

same size will require a larger reduction. That its, the lengths on 

/ y 1 ' * ' I 

the drawing must be less than of the real lengths. \ 

Figure 2 -is a scal^map of Day Junior High School and . 
other bujlldings nearby, ^^ust' as in the case of the floor plan (Fig- ' ^ 

ure 1) this map and the real t)iing are not similar figures in every 
detail. The lerigths and widths of buildings, sidewalks and streets ^ 
are scaled reductions. However, trees, lamp posts, stairs, and . , • 
other details are not shown at all. ' » ^ ^ • 



My r 

/ 



Lois Lane 



* — T 
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Figure 2 
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' The^scallng factor used In drawing Flpure 2 .Is^yj^. Thu^, 
to find'^a real length we have to measure the. corresponding length 
on the map and multiply It by 1200. ^ Multiplying a length hi centl- 
meters-by 1200 Is best done In two st^s; flrst multlpl^^by I'od and 
then by 12-^- Thajnumpllcat^oiiby 100 ca.n be-do«eTBy replacing 
centimeters by meters.. ^ Now yo'n are ready fpr.tHe second step,/ 
which Is to multiply by 12 to get the real length . ' / 

Iferels an example:' the length of the pfst off Ice "(along 
Maple Avenue)'on the drawing is 2.3 cm.' .How 'wide Is the r^l 
building? Multiplying 2.3 cm by 100 Is done by replacing 2.3 cm 
by 2. -3 m. Now multiply" by 12 which gives 12 x 2 .3 = 27 . 6 m . 




9- > (a) How wide Is Main Street? 

(b) Will a marching band wlt^ eight people abrealt^be able 
to march down Main Street? ' ' 

10- ' How far is it from door A on the Juniqjj;, High Schootto the dopr' 

of the post office going along the sidewalk on Junior High 
School Road efnd Chestnut Street? ^ » ^ 

11 • (a) What is \hk shortest distance from door A to the i<?e 
cream shcJp? ' ■ ' * " 

(b) How many meters do^yorf^Qve by going diaigonally acr<^ 
th-e field rather than along the sidewalks ? 

12 . If you run aroiltad the block where Day Junior Hi§4i &chooiJj 
> located, ho^ fa^^w ill one trip.be? ^ ^ \ , y 

13. Can you make a 1^0 m loop around the edge .of the parking lot 
with your bike? How about a 250 m loop? 



14. A footbalUleld measure(g 50 yds by^l20yds. This is a6out 48 m" 
by ^ 08 m. J/V ill one -fit in the space marked "field?? 



SI 



15. • iiow. many meters of fenclfkr' wouicli>e needed to enclose the 
• ■ .field? f ; - •*.*•'• 

r 1.6; Could Cijestnut Street.be' cktwo-lane street vvith parking on 
. ' , ■ both sides ? ' • . V 

17. Which Is^^er, the sidewalk outside your school, or the * ' 
sidewalk onX^hestnut Street? By; how much? - . / 

t 18. In Figure 2 the blocl< between JunibnHlgh School Road aiid 

Maple Avenue^' r.Q cm Wg. ' What Is the real distance 
'' . ■ ^expressed l^entlmeters ? Would you ever ex'pre^s'«uch<^. 

V. - lajge dlspix:e In cefntimeters?- Why or why not? • ' r< 



SECTI ON 3 METEI^S- AND DOLLARS'*' 

" IT- ~ ^ 




Lengths on a sc^ed map afe conveniently exp'ressed^ln cen-' 
tlmeters. -Lengths of- building or dtstanqes along streefs are ex- 
pressed In meters. When ehlarging/rom' a'-nelghbbrhood^ap^to th'e 
real world, we change from centlrrf^ers to meters.,, fhls^save? us" 
the trouble of handling large' numbers. W§ can ayold.lar^e-numbers 
in a similar way when multlplying'amounts of money expressed' in'-, 
cents. The reason Is that 1 cent Is ^ of a dollar,,^just as- i centU* . 
i"et|r is — of a meter. Here Is an example. . * • ' " ..^ 

A pencil sells for 14 cents> A box contains 200 pencils. 
How much does the box of pencils co^t? -The 200 acts like 'a seal- ' 
ing factor. To find the cost of 200 pencils, we multiply the cost 
of one pencil by 200. ' ^ ' " ' " 



« 
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*As we did In Section 2 we shall do the multiplication bn two 
&teps; first multiply by 100 and then by 2. The multiplication by 
100 is done by replacing centa^hy dollars. Now multiply by 2^tp__ 
get the answer. , ^ j 

200 X 14 cents = 2 x 14 dollars = 28 dollars 




19. 



Express In dollars 


(&) 


600 X 4<;: 


(b) 


300 X 7<: . 


■ (c) 


1000 X 19<: 


,(d) 


6700 X 80<: 


(e) 


14,000 X 33<: 


(f) 


^^3 1,000 X^74'<;: 



20. Find these produpts In dollars ^ ^ 
♦ (a) 600 X 2 .5<^ _ 

' (b) 300 X l.n. . - ' * . w 

(c) .400 X 0.2<^ 

//d) 100,0)^,0.3^^^ ^ 

(e) 200 ^r.^ . , . ' 

.> ' . ! 
'(f) 1200 X^(1: ^ . , * ' 

21. ' ' li BIG pens sell for 19 cents' e ach / .how much will 1200 pens 

cost? , ^ 

22. ^ At. a school book st6re, ruled paper costs 0.25<^.for each 

sheet when you buy 10^)-she^t pads. 



=8^ 



^ (a) , How much does each' pad cost? ^ / 

^(b) How much'wWrit jCost for your class to have oj^jfe pad ' 
^(o/ 100 sheets^ for ea<j5h student? \ 
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23. Nails are sold in laVge numbers. Each nail may cost less than 
one cent. A certalnViall costs 0.3'Cent., - 

(a) How much wll:La bag of 15,000 cost'? 

iB^^lHblv marry^nan^edB--£e:^ cents? With 

three dollars ? . ""^'"''"''''■'^■^^--^.V,, r^.. ^ - • 



SECTIOI^ 4 APPROXIMATING PRODUCTS OF* WHOLE NUMBERS 

"~ Xr~ 

0 . ' 
^Istalces In muULpllcatlon happen. Therefore It Is useful to 

be able to spot at least thpse which produce un^r^sonaMe results. 

For exaftiple, Is If possible that 2'3 x 380 = I9O0^ To find 
out round off 23 to 20. Similarly round off 389^^-400. The prod- t 
uct 23 , X 380 must be clo's^ to 20 x 400. ^ere Is a good way of 
multiplying 20*x 400 without paper and p^cll . Start with 2V 4 =^ 8. 
Now,^ what about the zertJs?' ' " 

The zeros in each number tell us whether the digit In froS^ 
Of them Is In^the tens, hundreds, or thousands place^ThusJhe.2 
in 20 stands for 2 tens. The. 4 In 400 stands for 4 hi^Seds.''To 
complete the multiplication of 20 x ^00 we note that (tens) x (hun- 
dreds) = thousands. "Fherefore 20 x 400 = 8000, and we expect 

> 

23 380^ to be close to 8000. Clearly 23 x 380 cannot possibly 
equal 1900. ' ' - 

Here are thTe main steps^to use: 

4 

(I) Round off each of the- factors to get one non-zero ^Iglt 
and the correct number of zeros. 



, (2) Multiply the two HQn-zero. digits. 

'•43) Use the number of zeros i/i each factor to tell you the 
place value of each jion-z^ro digit, v ^ ' 

- \ 

(4)^ Use Table 1 to find the place value of the product. 
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TABLE 1 



.1, 



V ■" 



X 


ones 


tens V " 


hundreds , 


^thousarids 


. one's 


" ones«^ 


ten^_ 


^ hundreds 


thousands 


tens-^ 


■'"""^ tens : 


hundred^ 


thousands 


ten 

thousands 


huncireds ■ 


, 'hundreds 


thousands 


ten 

thousands . 


hundred ^ 
thousands 


thousands 


thousands , 


ten 

thousands 


hundred^ 
thousands 


, mllUoRS 



Here is another example: What Is^an approximate answer 
to'll2 X 5200? 

1 12* rounds off to Jdfiundred * ^ r 

/» - 

5200 rounds off to 5 thousand % * 

1x5 = 5 ^ (hundreds) x (thousands) = hundred 

•thousandlf 

Hence 112 x 5200 Is roughly 500,000. ^ | ^ 

K4ake a ta^ble like Table 1 using numbers instead of words 





24 ♦ Rou^ off the following numbers to aSpR^-zero digit and 
tUe correct^number of zerosi 

(a) 782. 
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Rofl^d'off the fdUowlng numbers to one non-zero digit and 
thQ correct worn for place value. 



.(a) 


643*- ■ F 


(b) 


1816100 . 


(c) 




47 


(d) 


978 


(e) 


"945- . ';: 


,(f)- 


, if ' 

3 



J 




toproxltnate the following products . (Try to 
head.) ' • ^ T 

(^) 43;x 22 , ' *' > V.\ (f . 

(b) aax 51 
^ ic) 238' X 37^ . ■ • 
. (d) ,634r^'^49 . 

(e) '. 3340 X 2700 ^ • 

(f) 965 X 3009 



do It In 



your 



Jh^ number 1500 cai>be read as "one thousand five hundred 
or:^s "fifteen hundred." Similarly, read 

(a) 2800 as " thousand hundred" or as 

" hundred". '■ ' 

(b) 15,000 as " th'ousahd''^r qs " hundred". 

(c) ' 60,000 as " thousand" or as'" teiTthousand". 

(d) 700,000 as "— — thousand" or as,'^ hundred". 

rTe)) -3,200,000 as "<- million — - htindred thousand'^ or 

' as " •» hundre'd^thoug'and". ; , ' ^ 





Examples: o 
(1) 37.5 X 4,8.1 = ? * ' 

Ignoring the decimal point we have 

375 X 481 = 180'375 " ' 
Approximating the product gives, 40 x 5 = 200. Hence we pl^e the 
decimal point so that the answer is close to 200; that is 
37.5 X-4. 81 = 180.375. 



(2). 40.6 X 0.021 = ? ^ r ' 

Without decimals 406 X 21 = 8526. Roughly, the factors are 40 
and 0.02. From Table 2, (^ns) x (hundredths) =, tenths. Heiice the 
"Approximate ajiswer is 8 tenths or 0.8; and the exadt answer must 
be 0.8526. 



TABLE 2 



• X 


ones 


tenths 


hur 


dredths 


ones^ 


ones 


tejjths 

— 


hur 


dredths 


tens 


t^n^ 


ones 


' tenths 


hundrdlas 


hundreds 


tens 


ones 


thousancls 

, u 


thousands 


hundreds 


tens 



IHi Make two tables like Table 2 -replacing the words with num- 

* * ' 1 1 

bers. In one table use fractions (— , Yoq) and In the other use 
decliiials {OA,. 0.001); 
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tejjths 

— 


hur 


dredths 


tens 


t^n^ 


ones 


' tenths 


hundrdlas 


hundreds 


tens 


ones 


thousancls 

, u 


thousands 


hundreds 


tens 



IHi Make two tables like Table 2 -replacing the words with num- 

* * ' 1 1 

bers. In one table use fractions (— , Yoq) and In the other use 
decliiials {OA,. 0.001); 
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31. ' Explain In yoiir own words why 

(a) (hundreds) x (tenths) = tens. 

(b) (thousands) x (hundredths) = tens 

(c) (thousands) x (tenths) '= hundreds 



32. Explain in yoi|r 6wri words why^ 

(a) ' (tens) x (hundredths^) = tenths 

(b) (tehs) X (tho'usa^ths) = hundredths 

• 7 • , ■ 

33. Calculate the following products. Use Table, 2 If you wish. 

(a) 7x0.4 ^ ^ ^ 

(b) 20 X 0.03 i 

(c) 80X0.05 

■ '(d) • 6.00 X 0.1 ' ^ t 

(e) 2000 X 0.04 



34 



Where cio the decimal points go? 

(a) 4.9 X 5.7 = 2793 

(b) 82 X 3.7 = 3034 

(c) - 9.6 X 0.54 = 5184 

(d) 11 .7 X 0.46 = 5382 
•<e) 0.88 x 4.5 = 3960 

(f) 19x0.017 = 323 



if 
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35'. ^ In the following products alljhe digits arQ correct. However, 
Ih sotne cases the decimal point is misplaced. Find them. 

'{a) 3,56 x"0.03 = 0.1068 

• (b) 560^<JL^ = 44.8 



(c) 0.04X9.6=3.84 

(d) 800.0 x 0.02-5 = 2 

(e) 1.6X3.8 = 6.0^, 

(f) ' 0.06 X 12 = 0.72 



36. Find the values of the following products: 

(a) 3 60 x 0.15 

(b) 2 .2 X 0.06 

(c) .7.6 X 0.58 

(d) * 5 . 7 X 8 . 6 ' • ' . 

(e) 105 X 0.0-27 

(f) 2100 X 0.3 



37-. Without doing the arctual multiplications, which of the following 
prodi:cts have the same value? 

|ix2.6, 35x^, 5.35X^6, 3.5x^ 




Separate Into about six t^nis of equal size. Your teacher 

wllLglve you a list of products like those In Qufestloii 37. Some 

products are tequal to others • Group equal products together. You 

will receive one point for eaoh correct group. The team with thfe 

- * ' 

highest score wins. ' _» ^-^ * 
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SECPION 6 




T 



plan-a-paIS'y 



Use the prices from the price list to answer the following 
questions • 



38. You plan a party for five people. Each ^person has a. 12-02 
Coke. How much will the Cokes cost? 



40. 



,39. How much do you savel)y buying the 8-pack rather than 



eight single cans of Coke? 



There are 25 persons. You wish to have two hot dogs for 
each of them. How much will the hot dogs cost?* 



41 . How much will you spejid on six quarts of lemonade ? 



42. Which Is cheaper to serve for a, party of five, hot dogs or ham- 
' burgers? How much cheaper? 



43. If you were planning a party for twice as many people, would 
you ha^ to buy twice as much of everything? 

■ L 

Plan a party for your whole math class. Get prices from 
local stores.* ^^Compare prices to declde;on the best buys for each 

0 

Item. Find the total c$st. How much will have-to be spent on Items 
that are not edible? ' What wllfthe cost be for each studertt If the ' 




total cost Is shared eqi^ally? 



Lide;f^t If 
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c 



Coke 



Potato chips 

Lemonade mix ^ 
Hot dogs 

Hamburger patties 

• Hot dog rolls 
'Hamburger rolls 
Ketchup 
Relish 
Mustard 

Ice cream bars 
Papier plates. 
Na^lns 

• Paper* cups \ 



J 



PRICE LIST 



11^ for one 12-02 can 

$1.61 foF'elght 12-02 cans 

68<? for one 48-02 bottle * 

• * 1 
59<^ for eight J-oz packages 

. 79<? for one lO-oz bbg - 

' for two 1 -quart mixes^ 

v$1.00 for 10 ' - 

$2.19 for 12 ' , 
^ 42<iforsix 

5^<: for eight 

29<>for 9 02 

47<i for 24 02 ] \ 
, 89<i for six ^ 
49<i for 40 
2 5<;: for 70 
-.SS* for 100 



-<tr' ' 
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SECTION • 7 THE KILOMETER 




'When It comes to expressing lengths longer than a few city 
blocks, a larger unit than a metpr is convenient. • A common unit 
for thi^ purpose ^is the kilometer , which is 1 , 000 ^meters It is ab- 
breviated by km: (1 km = 1,000 m)'. \ 

To^ develop a feeling for the length of a kilometer, you can . 
do a variety of things. Here are a few suggestioio^. Try them and 
report the result to the class. 

• 4 * • 

(!) If you have a long, straight street ndTar your school, your 
teacher will as sign groups of students to post themselves at 200 m 
intervals up to 1 km. Thts will give'you ^importunity to note how 
persons, cars, wincjows, etc. appear p you at different distances. 
In particular, at which distances canTyou still see arms and legs of 
a person, wheels of a car, or doors and windows of a building? i 

(2) There is a Way of making things appear farther away 
than they really are. Look "the wrong v9^y" through a telescope or 
one lens pf a pair of binoculars. The telescope acts as a scaling 
device* For example, a telescope with a m%gnifying ppwer of 7 
will make objects appear s^eyen times farther away 'When, viewed • 
"the wrong way." A person standing 150 jjt-frxf^ay^rom yoii will ap-. 
pear as being 7 x 150 my or Just about 1 km away. 

(3) If ypur school has a fi^ld with a track, find out what . 
the perimeter ©f the'tgackjs. Calculate hoW many times yoii have 
' to walk ar(/und if to cover 1 km. Walk 1 km at your normal pac^ 
and time it. You can then think of^a kilometer as the distance you 
walk in so Winy minutes. \ 



i:' 
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SECTION 8 A ROAD "MAP \^ I ' 




A road map is commonly used by persons making trips by 
car or bus. Such a map often covers whole states or several states 
To get a scaled map of such a large area on a page will require much 
larger reductions than a neighborhood map. 

Figure 3 is a portion of a scaled map of the state of Michigan. 
(We puroosely left out many smefU towns and country roads.) The 



scaling fa>rtorVge^in, drawing Figure 3 is T-rrr-r^^. Thus, to find 
a real length we have to multiply a measure on the map by 1/000,000! 
For the neighborhood map (Section. 2), th.e scaling factor was 1200. 
There we did the multiplication in two streps - by laiK^hfi by 12. 
Here we shall break up the multiplication by 1 ,006, 000 into three 
3t;eps- first by 100, then by IflOO, and finally^ by 10. 

l^uppose.we measure a length qi I cm on a map for which the 
scaling factor is ^ qOO 000* "^^ ^'^^^ distance does this correspond? 
One centimeter multiplied by 100 gives 1 m. In the next; step, Im 
multiplied by lOOO gives 1 km*. We have left only the multiplication 
by lb. Therefore, 1 cm on the map corresponds to 10 km of "real 
distan'isre. In short , 

— r 

- 1,000,000 X 1 cm 10,000 X 1 m 10 X 1 km = 10 km 

; . ^ Once we have this'Tesult we can use it directly-without go- 
ing through the in-between steps, ^or example, the distance be- 
tween the two markers on^Route 21^ In Figure 3 is 1 .3 cm. The real ' 
distance is 

10 X 1 .3 km = 
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♦44. What is the real distance correspondln^p to 0.1 cm In Figure 3? 

45. What Is the (real) ^distance between*the Intersection §t 
Routes 75 and 23 and- the intersection of Ro.utes^5-. and 78i^ 

\ . ^ ^ . ■ 

46. When speaking of m.aps, the distance between two points may 
have one of two meainings: (1) the distance **as the crow 
flies," that is, the (^{stance along a^straigKt^ltne, ^(2).the 
distance along-a-glven route. ^ * , ' 

Find the distance between the intersection of Routes Z^l-^and 
94 and the lntersec*tlor]l of Routes 21 and 78 " * 

(a) as the crow flies. 

(b) along Route 21. , 




\, Figure 3 
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47. Find the distance between the lnterse6tio'n' of Routes 2-3 and 
75, and the Intersection of Routes 23 and 96 " 

(a) along a straight line 

(b) along Route 23. / ' 

48. ^ Look at your answers to Quejstlons 4,6 and 4,7: Under what 

conditionals the difference between the distance' alorjg the 
road and along a straight line unimportant/. Impprtant?. \ ♦ 



SECTION 9 .BRACKETING DISTANCES ON A MAP 



^ 1^ ; • 

So far we have used Flgurei3 to find only .distances between. 




IntersectJkJns of roads. What al?out distances between cities? 
Cities, unlike road intersections, ^often cover Urge ar^as. In Fig- 
ufe 3 the rough shape of the citles*lsHndlcated by shaded ^reas. , 
Note also th^ directions of north, eBst,.^^oulJx.,;fand\v^st. - 




49. Suppose you fly over Detroit! What is thfe largest distance 
you fly over the city in a straight line?. * . 

^ -Y . ' ' 

50. (a) what is the distance from ths north-west corner of De- 
troit to^he south-east comer of Detroit? ' . J 

(b) Whit is the distance, from the north-west corner of^Pon- 
tiac to tie south-east corner^of Pontlac? ^ ^ 

(c) Whit is the-^^istance from the south-e^ast corner of Pon- 
tlac to the north-west corner of Detroit? . . 

(d) Does it make sense to speak of "th^ distance from De- 
troit to Pontlac" ? ' ^ ' ' ' 
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51. ' (a) How long is the part of Route 21 that goes through Flint? 

(b) How fat Is it from the intersection of Routes §4 and "21 
along Route 21 to the eastern end of Flint? * 

(c) ^se your answers to parts (a) and (b) to bracket the dls-- 
'tance from the intersection of Routes 94 and 21 to Flint. 

52. (a) Ho^v."wfde" is Port Ifuron? ' ^ . \ 

(b) Use your answers to part (a) of this question and part (a) 
of Question 51 to bracket the distance from Pprt Huron to 
Flint. • ' 



53. Bracket the distance from Flint to AnntArbor along Route 2 

54. Bfacket the dlstance^from Port Huron to Detroit. 



Section lo uncertainties in map readings 



; . ' 1 

Figure 3 was drawn with a scaling factor of 




1,000,000 \ 

Starting from* Figure 3 draw a map of Route 2,3 from Flint "^Ann Arbor 

1 ' • \ 

with a scaling factor of • . Include , the two cities and 

2,ooQ,ooo ; ^ \.^^ 

shade Jrhelr shapes the best you can. ' \ 

: \ ■ ■ ■ 

'\ Di^w the same, stretch of the map with a sculing^* factor of 
1 

Can you stiU recognize the sliapres of the X,Vis> cities? 



3,000,000 • 

figure 4 Is a map^pf part.of the .southeastern United States, 
dompfiife Flgure'4 with Figure 3. The roads in the two maps are 
markea the same way. In Figure 3 the cities are shown by shaded 
areas whlc^how their shapes. But all the cities In Figure 4 are 

■ ' ' ' 
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shown as little circles. Since the scaling factor, 2 500 000 ' ^^"^ 
dirces the cities so much on thte map^ It Is not practical to draw the 



• actual shape of the city. 





55. (a)^4n Figure 3, whloh city Is larger, Flint or^Pontlac? ' ' 

(b), In Figure 4 all cities are represented by the same size 
circle. -Do you think all cities are the same size? 



56. Find the real distances that correspond to the^foUowing dis- 
tances in Figure 4: ^ > 

(a) 1 .Ocm 




(b) 0.1 cm 

(c) 0.5 cm 



57. Dothan has roughly the^shape of a rectangle 11 km v>ide from 
" ' east to west and 14 km long from north to south. Show Dothan 

as a rectangle on the map. Compare your drawing with those 

of your classmates. - . ' 

' , * • Figure 4 * 
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2,000,000 ^ 3,000,000 ^ 
used It Is Impossible to avoid uncertainties In placing cities on a 

« 

map. Also plain errors in dfawlng and reading add to. the uncertaln-- 

tles. Thus even straight line distances between cities can only be 

found approximately* r' . 

For e5<:ample, the straight line distance on the map between 

centers of the circles Indicating Columbus and Dothan Is 5 .8 cm. 

(See Figure 5.) Multiplying by the scaling factor, we get 14^5 km. 

But a measurement errbr of 0.1 cm would give an error of 2 .5- km. 

Also the cities are each a few kilometers wide. With all of the un- 

certainties we might expect that answer to be off by as much as 10 km. 

• > 

One. way we could allow for the^ uncertalnlty i^uld be to say 
"The distance ls'14 5 km to within 10 km."" That would Indicate that* 
the distance Is most likely anywhere from 135 km to 155 km. We . , 
.can also write this as 135 km < 155 km. \ ' . , 



/ 

/ 



Knowing that getting distances from maps Is not exac^^rwe-'' ^ ^4 
often Just give answers using the word "about." For exampl^/'we'\^' A;. . 
could say "The straight line distance from Dothan to Colurrvbu^^l^s;^ 
about 145 km.". ^ ^ . ^. - ,y 



Finally, this uncertalMy allows us to make our Work easleF:v>^'>rv^ 
by rotindlng off the numbers before we multiply,^ For the map dls-^j?^- 
tance from Columbus to Dothan we eptild use 6 cm Instead of 5^.8* cm,' ''T 
SO we get 6'Cm X 2 , 500,000 or about L50 km. - , / 




58. .The straight line distance, on the map, between Savannah 
and Jacksonville Is 6.8 cm (Figure v 

. (a) How far apart are the two cltlfes ? 



135 



J 5-^25' 



- (b) If your answer Is accurate t(p within 10 km, bracket the 
* distance. ' ' . 



59. There qre three reasonaHle routes from.Dpthan to Ga^lnesvlUe. 
Measure each route-. ^Whloh foute do'you think Is shortest? 

' ' Can you be surer " ' ^ ^ 

60. What Is the approximate distance on Rdute l&^fr^^n Tal^lahassee 
to Jacksonville? ♦ ' . . ' ' > ^ ' 



Br. About how many kilometers Vpuld you sail from Pana^ma City 



to Alligator Point? 



Figure 5 
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SECTION- 11 MAP SCALES 




For a map'with a scaling factor of "j~ooo~000 ' ^'^ 
the map equals 10 km of real distance (Figure 3) . We can express 
the same fact by drawing a scale on the map In^wjitch ^^^^^ Is marked 
as 10 km (Figure 6) . 



0 10 '20 30 40 50 60 70 80 90 100 km 



In Figures 4 and 5 one cm of map distance Is equal to 25 km 
In real distance. We can say the same thing by the scales shown 
m Figure 7. - . ' _ ^ 

0 2i5 50 75 100 km 



Figure 7 



(a) 



(b) 



0 20 40 60 80 100 km 



In both of these scales 4 ,cm represents 100 kai. So they 
express the same scaling factor. 



Scales such as those In Figures 6 and 7 are^ery convenient 
\p uVe for finding approximate* distances on maps. you^eed to 
do Is jnark off the distance on the edge of a sheet of paper. Hold 
one eodpolnnat the zero of the scale and read off the distance on 
the scgle at th§ other endpolnt. If the desired distance Is too long, 
you can break it up Into several segments, and read each one sep- 
arately. 



J 



\ 
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Having a fiap scale Is a great advantage over knowing the 
scallj?/g factor. You (!o not need to do any multiplication.. This Is 



why almost every map has a scale. 




In cooperation with your social studies teacher, do a proj-, 
-s^^gj^volvlng getting Information frorri'a map. The scale on an atlas 
V—T" Is lively to-be In miles. If you want answers InTcllometers remember 
' that 1 mile = 1.63 km. ^oti can make yourself a multiplication de- 
vice (Chapter 4, Section 5) to convert distances from miles to 
kilometers. ^. ' 

SECTION 12 BEARING& AND NAVIGATION ' 





When taking a trip by car,- we foUo^v roads. However, 
when trailing by boat or airplane, there are no roads to follow. 
Sometimes boat captains and afrplane pilots can not see where 
they are going because of fog or clouds.* They 'use a compass like 
the one shown In Figure 8 ^o make sure they^are going In the right 
dtfectl'on. 



Figure 8 



lEach compass has a magnetic pointer that points north. 
' The an^lQ between north and the direction you are going, measured 

clockwise. Is xsalled a bearing . If you are going east, your bear- 
ing Is 90^; Atyou arfe going west, your bearing Is 270?. 
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Imagine you are the captain of a boat 4alllng In the Gulf of 
yexlco. You are located where the center of the compass is drawn 
on the w^p shown In Figure 9. Measure the bearing you must sail 
along in order to^fo to Cedar Key. Measure the bearing from the * 
center of the compass to Panama Clty^ 

Figure 9 [ ' 

jJ^^f^^^^ - 0 -20 40 60 80 100 kn> 





GULF OF MIXICO 



CLEARWATER ii« 
ST. PETERSBURG' 



JAMPA 



To measure the bearing frorp any point, you may have to 
draw a line going north' at that point. This line will be parallel to 
the north direction already drawn on the map.. Find the bearing 
from AUlgator^sPolnt to QedarKey. Also find the bearing going back 
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from Cedar Key. to Alligator Point. ^ . . 

You are pllotlnj/ a ship from Toledo to Detrol>^ong the route 
showp/ In Figure 10. Along what bearings will you head? How long 
is the trip In kilometers? 

* 

Suppose you want to sail from Detroit to Point Pelee (Cana,- 
dlan) National Park (Figure 10). Choose a course that Is^short and 
changes direction only once. . Measure to fln^ the 'bearings and 
distances. Compare your course wlth-those of others, lf\ your class. 

Figure lO 



ANN ARBOR 




ERIC 
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62 



What bearings are shown In Figure 11? 




til 



Figure 11 






"4 



§3.^ Find the bearings corresponding to E, S, W, N, NE, SE, SW, 
and- NW without using a protractor. 

64.. For the Gulf of Mexico map -(Figure 9)-, the- scale Is \ 
(a) What Is the bearing from MUgator Point to Tampa? 
Od) What Is the bearing from Tampa to Alligator Point? 
(c) How far Is It betweer^^ these two places? 

65. A navigator on an airplane receives radio signals that tell 
the bearing from the signaling station to the airplane. The 
^ map In Figure 12 shows two such stations. , ' 

(a) If you are located on bearlfig 120o from station A and on 
bearing 830 from station B, where are you located? 

(b) Which, station Is cl6ser to you? 

(c) If the scaling factor ls 
station A? ' 



500,000 



how far are you from 



ERIC 
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66. 



67, 



(a) If you are Iqcated-at C, In Elgure 13, whatls the bearing 
toward D?, How dan you answer this without a protractor? 

(b) The beSrlng'froni one town to another Is 140^. What Is 
the bearing from the second town back to the first*? 

■ -'/.^ ■ 

Imagine you are the paptaln of a ship sailing from Panama 
City to Cedar Key (see Figure 9) ' ' 

(a) fchoose and draw the" path yoi\ would like to/foIIow. 

(b) Describe your path as follows: "Start at Panama City. 

Head In 'the direction of bearing-^ ^. tSo kllomdters. 

Turn to bearlag ^. Go kilometers. (Continue until 

your directions take you to- Cedar. Key.)" ^ 



North 



.station A 



station B * 



Figure. 12 




Figure 13 



or 
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68 • Where Is the treasure? 





* Start at. Whale's Mcwth ^d^.y (V)- 
ao.ai\ong, -for Z'/i Am. 

P.Vn3t[/. <^/on^ ^cj^' Ar- ^.3^ ' 



r 




U3 



69. You and your friend are on Snook' s^Island at point A Csee Fig- 
ure 15). You want to row to point B on Buffle'.s Island, But 
,you have to drop your friend off at the mainland. At which 
humbered point should you drop him off so that you row the 
shortest distance possible? How long Is the total trip? 

^Mefasure and compare, the two angles formed by your path and 
the mainland shore''. Measure and compare also the angles 
, any other path makes y^lth the shore. What can you say^ about 
^ the two angles of the shortest path that you cannot say about 
the two angles of any other path? 

/ 




Figure 15 
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Suppose you pilot a ship as follows: (1) head'ak>ng the 
bearing 180° for 10 km; (2) change youg bearing to 270° and travel 
for 7 km.- Suppose. you now wish to sail directly back tb your start- 
ipg point. What bearing should you use? How far will you have to 
sail? * J ^ 

You can find out by drawing a scale model diagram using a 

scale .nr} r^nn cm^Tepresents 1 kml. Here l^ how: First mark a 
<^ 100 , uoo > 

starting point on a sheet of paper. Choose a direction for north. 
Measure a bearltig of I8OO from your starting point. Draw a 10 cm ^ 
line segment to represent 10 km. M^sure a bearing of 270°. 
Draw a 7 cm line segment for the 7 krn distance. Now you can mea- 
sure the bearing and the distance- towards the starting point. 



70. A sailor sails along 9^0° for 6 km and then 150^ for '10 km. 
What Is his^bearlilg and his dlstanqe back to^hls starting po- 
sition? 

«t 

71 . Travel In the direction of 120° for 4 km', then 240° for 8 km'. 
What Is the bearing and the distance directly back to the 

. —starting position? 
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SECTION 1 WHEN DO WE -MUflfclPLY? 




1. 



The sides of a triangle are 3, 4, and 5 cm long. If you enlarge 
the triangle by a factor* of 6, bow long will the sides be? 



2. * One shirt costs $3.50.' How much will four shirts' cost? 



y 3. 



4. 



Choose a number. What mathematical operation do you use 
to find a number three times as large? ^ 




You know the weight af one object. How do you calculate the 
weight of [~] such objects.?^ • • 

, Questions i - 4 ha've soi^j^Yng in 'common. In all of them, 
you^know something about "one" OTH.jvf§nt t^flnd something about 
"many. " To get the answer w^^rriultipjly what we know about "onfe**- 
by the number that tells us "how manys" This Is true also When, the 
"how many" is less than one. For Sample /one meter of ribbon 
costs $2 .00. Then - m*of the ribb^ 



X 2.00$ ^\0.50$A 




(Read "one-fourth times two dollars equMs half a doUar^^i^ 



\ 



5. One yard Is about 90 cm, A foot Is ^ of a yard. How many 
centimeters are in ofie foot? 



6. Orfe gallon of milk costs 



^1.40. 



1 ' ^ 

{a) How much does -r of a gallon cost? ' ^ 

' (b) How much does j of^^ gallon cost? (A fourth of a gallon 
is called a quart.) ' ' ^ 

(c) How much do 2 . 5 gallons cost? 



SECTION 2^—^ WHEN DO' WE DIVIDE? 





Four apples cost 60<!^; how much does one apple cost? Here 
we know something about many and want to know something about 
one . In this case: 

the cost of oije apple— 60<!^ -r 4 

(Read "sixty cents divideia.by four.") 

Sixty cents goes with four apples and 60<^ 4 = I5<!^ goes' 
with one apple. In gene^lv if we want to find what goes with "one' 
when we kQow what/goes with "many," we ^vlde. 

Before doing the division, we must decide which number tp 
divide by which. The unitiS asked for in the question will help yod 
decide. Read the question to fin^d the units the answer must have* 
Divide the qi^antity.with thoQfe units by the other number. * , 
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Write sentences for the answers to Questions 7-13. 
Carry out the division where you know how to do it. 



7. Thirty x:hairs -fcost '$450.00. How much does one chair cost? 

8. \ In an enlarged drawing the side of a rect^'^le is 30 cm. 

The scaling factor is 5. What is the original fength? 



s 



9-. A stack of five pennies is 0.8 cm high. How thick, is one 
penny? • ' - . • - ' 



10. ^ A good runrfer runs 100 m in 12 seconds.- 

(a) How many meters does he run in "one second? ' '""i*^ 

(b) How many seconds does.it take him to run one meter? 



11. A train going at ^ steady speed travels 480 km in 27 hours 
, (a) How many kilonjeters does -the train travel in one hour 
(b) How maay hours does it take the train to travel one 



9 



kilometer? 



12.: A jet airplane travels ^00 km in 60 minutes. ' 

(a) How many kilometers does it travel in one minute? 



(b) JIow many minutes does it take the plane to trayel-one 
kilometer? 



\ 3 

lv3. ^ The cost of j of a pound of fish is $1.70^ What is the post 
of one pound of fish? . ^ ^ ' . - 

In Questions 14 - 17 be surd^t^o decide whether to multiply or 
divide. ' * * ' 

14. My brother is three times as old as I am. I am 12 years old. ^ 
. ' How old te he? ' ^ # 
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IS. 



One-third of^^ur day Is spent* sleeping. How many.jMirs Is 



that?' 



16. Selling a roll of 100 tickets to the basketball g^me brought 
y In $75.00. How much did each one of the tldkjfets cost? 

17. A 45 rpm record goes around 45 times each minute (60 seconds). 
How many- times do0$ the record go around In on# second? 



SECTION 3 QUOTIENTS AND FRACTIONS 




In Chapter 2 we used unit fractions to* name the size of the 
smallest piece when a strip was divided Into-a number,,of equal 
pieces. For example, when we divided a strip Into three equal parts 
the size of each part Was ^. ' \ « 



Since each strip was one unit long we can^wrlte 



1 



That Is, the unit fraction j'l^ tha result^f 'dividing 1 by 3. 

^What can we say about fractions such as'^r whlcfh are. not 
junlt fractions? In Section 8 of Chapter 2, we saw that "T was a ' 
shorthand way of saying that^we have two dne-thlrds That Is 



Flgxire 1 



2^.^i 2^1.1 
3 --2X^3 or 3-3+3 



one 9itip 



^ of one «trip'^ 



(Figure 1) 
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2 ^ ' ' : 

Is ~ = 2 3 ? To answer this questloa let us use two strips end-to- 
end (Figure 2). To represent 2 -5*3 we divide the strjps Into three 
equal pieces.^ The shaded part of Figure 2 Is. the result of thfs dlvl- 



^ one ^+yi p -■ — :7or\elAstriR^ 








•* 


• 

• 





of fxvo strips <rf ^u>o stops <^ twp s'tofs 



Figure 2 



slon. ^What part of a single strip Is this? Camjiarlng the shaded 

portions of Figure. 1 «nd Figure 2 we. coiJcLude that the Shaded part* 

2 * " 

of Figure 2 Is r of a strip. Therefore we 'can write 

2 




18. 



In words, the fraction -r is equal'to the quotient 2 -r 3. <^ 



(a) Draw- a picjfure of three strips lined up end-to-end. 

(b) Think of the strips as ofte long strip. Divide it into twd 
equal pie^s. ' ^ • ^ 

(c) Shade one of the equal pieces. . . " ^ 

(d) How manj single strips are shaded? 

(e) ^What«Ji<afve you shown? ^ ^ 

How nrwch are ^ 

(a) SIX halves ? ' 

(b) twenty-one sevenths ? - ^ ^ ' 



19. 



20. By dividing find the value of * 

■ to, if ,;■ / 

. • . • ■ ' • . 

■ 1. ■ 

^, . 240 • . ^ 

(e) — , • 

21. Thre^ persons share five pounds of sugar eqOally. How much 
sugar did ea ch on e^of them get? 

_^ -J 

22. What Is the result of dividing 4 by 7 ? 

jf < -f ' ' ^ ... 



gECTI ON 4 COMBINING DIVISION AND MUtTIPLlCATION ■ 

t 

It took a car three hours to travel 240 km on an Interstate 
highway. How far would the car travel In five hours? (Assume that 
the car kept moving at the same speed.) 

YoS can answer this question by combining what you have 
learned In the preceding tWo sections. 'From the distance traveled 
In three hours, you can find the distance traveled In one hour by 4 
dividing * . - . ' . . 

* 240 

dlstance'traveled In ooe hour = 2v40 km -f 3 or^-y- 

From the distance traveled In one hour you can find the dis- 
tance traveled^ In five hours by multiplying 




1.51 



distance traveled in five hours = ^^^-^^ 5 

The r'easoning used- in this example' is quite general. If you 
can go from many to one by division, aitd from one to many by mul- 
tiplication, then you can go from many to a different many by doing 
both. 





23. In a store you can buy four oranges for 80<i. 

(a) What does each orange cost? 

(b) What do six oranges cost? 

In Questions ^4 and 25; show which numbers you are going to 
divide and multiply to get the answer. Then calculate the answer. ' 

24. \f six dandy bars cost 90<?, how much will five candy bars cost? 

25. On a car trip you can comfortably go 540 km in six hours. 
How far can you comfortably go in 14 hours ? - ^ 

* In Questions 26 - 28, write sentences descr^^bing how to get * 
the answers. You need not carry out the calculations. 

2 6. Eight candy canes post 90<i. 

(a) What does dne candy cane cost? 

(b) What da 15 candy canes cost? 

/ 

27. A ball is steadily rolling across the floor and goes three - 
meters every two seconds. , . ' 

(a) How far will it roll in five seconds ? ' ' 

ny seconds does it take the baU to go four meters ? 
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28. A city of 100,000 inhabitants uses abput 30p,000 gallons of 
gasoline In one week. ^ . ^ 

(a) flow much gasoline would a similar city with 130,000 
inhabitants use in one week ? 

(b) How much gasoline would a similar city with 160,000 
Inhabitants use In two weeks? 

(c) What Is meant by the word "similar'' In this question? 



29. A workman can do a job In five days. 

(a) How much of the job can he do In one day? 

^ (b) How much of the job'^caij he do In fou^^^^daysT" 

8 

|(c). How many days wl|l It take him to do - jobs' 



SECTION 5 



RATIOS 




30.- 



Figure 3 shows two similar triangles . Consider the smaller i 
one as the original. What was the scaling factor used In ^ / 
drawing the larger figure? ^ ' j 




5 cm 




2 cm 



6 cm 



4,5 cm 



/ 



Figure 3 



31. A big dog weighs about 80 pounds. A cat weighs about 10 



r 



pounds. How many tlmes^ heavier Is the dog?. 



32. A new car costs $4,000.' A new bicycle costs $100, How- 
m^ny bicycles can you buy for the cost of one car? 

ZZ. You have 50<^.. How many, 15 <!:. candy bars can you buy? 




In Questions 30 - 33 you "were asked to make a compjarlson - 
between two quantities, ^n all four problen^s the question "hoVys' 
many times" is either said or Implied. The answer "Is found by dl- . 
vision.. In generfil, the question "how many times larger Is O " 
than A, " has the answer * . ~* .. 

D 

-7 (Read " □ over A") 

Can we compare any-|wo quantities? Consider the question 
"What Is larger, five meters or seven pounds?" Obviously there Is nb 
way to compare meters with pounds. So the question makes no sense. 

^ Now consider the question "How many times .larger Is 8$ 
than ZOO^i" Here both quantities are money. ' They are expressed 
in different units, so we cannot comparje them as they are. - (8 -r 200 
Will certainly tiot give the right answef.) However, we can convert 
eight doll*S to 800 cents and then divide: 

800^ 

200<;: ~ ^ . . 

So 800.4 Is four times as much money as 200<;:. ^ 
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: We Gould also CQnverft;ents Into dollars: 200<r = 2$ and • 

get^the same answer 

2$ ^ 

In summary, the answer to the question "How many tlme^ 
.■larger, Is □ than A.?" is '~ If they are both expressed In the same 
^ units. The quotient of two quantities expressed In the same units 
Is called a ratio . When we speak of the ratio of □ to A we al- 
ways mean "7' ■ • » ' • • 




Which of the following quantities can be cctmpared as they 
are, after proper conversion of fnlts, or not at all? . 



(a) Five apples, three quarts dt nillk 

(b) , 6 . 2 .m , 8 . 5 m 

(c) ^ 1 .7 cm, .0. 6 m 

(d) 6$, 150<^ 

I 

*(e) ' 10$, 20 Swiss francs 
(f) Two pounds, \ pound 



35. A large'box of candle^s costs $3.00. A candy bar costs 20<:, 
How many times more, expensive Is tl?e box? 



36. How many times- more Is 
# (a) $3.00 than 3JJ^? 

.(b) 2400 cm than 12 m? 

(c) Seven dollars than 3'5 dimes? 
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(d) Flfty-Slx dimes than seven nickels?. 

(e) Two pads of 100 sheets each than 25 sheets of paper? 

(f) Three. quarters thar\^three dimes? 



SECTION 6 DO ING DIVISION BY REPEATED SUBTRACTION • 

I ^ — ^ 

How many. 15<;: candy bars; can you buy with 50<;:? "You read 
In the last section that you can fln"d the answer to this problem by 
doing the dlvlsf^n 50 15. You can do th^ division by using re- 
peated subtraction, . 

Imagine starting with 50^ and buying candy bars one by one. 

Number of 15*s 
i ' ^ ' ^ ^ subtra'^cted 



' ' Start with 50<: ' 

.-IJi Buy one candy bar» . . 

Now you have 35<^ J 

~15i Buy .one more c^ndy bar. \ A i 

Now you have 20^ 
C^i ~i5i 'Buy one more candy bar. 1 

^ You have left over.* ' 3 

You can buy three candy bars.beca'Qse you can subtract 15<i 
from 50 <^ three times. 

*'How many candy bars can you buy with $2.00? You can 
answer this question by changing $2 .00 to 2p0<^ and then seeing how 
^^^ mahy times you can'subtract 15^ from 200<^. 
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\ 



V 



-_15i 
185 ■ 

- as 

170 

- .15 

• 155 

- 15 

140 

- 15 

125 

- 15 

110 

- 15 

95 

- 15 
80 

- 11 
65 

- 11 
50 

- 11 
35 

- 11 
20 

- 11 

5«> 



Number of 15's 
subtracted" 




13 



Since you can subtract 15<r from 200<^-a total of 13 times, you can , 

* * 

buy 13 candy bars for $2.00. 



15 



« 



J 
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But there Is a better way to do this: subtract .mtye than one 
15<^ at a time. ^ 

'J 

Since one cancw bar costs 15<r, ten candy bars cost 
10 X 15<i or 150<^. So W^r^lne bujrlng 10 candy bars all at once^ 
Then find out how many' more yo^ canjiuy with what Is left over. 



Number of 15's 
subtracted 



200 

- 150 10' 

. 50 

- 15 ^ 1 

35 . 
-15 1 

20 

- ii _i 

5 13 



You could have done the, seune problem even quicker like this: 

Number of 15's 
. ■ - " " subtracted 



200 

-i'50 10 
5 13 



Notice" that you subtracted 45«i: from 50«i: because the cost of the 
three candy bars was 3,x 154^ or 45«!:. 



\V'. '• " 
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'37. How many 15^ candy bars^ can you buy with $1 .00? 

• • •} • • • ' 

38. How many 15<^ pendy bars, can you buy with $2.50? 

39. 'How many 35*s can you subtract frorh 400? 

40. How many 35<^ Ice cream cones can you buy with $4 .00 ? 

41. How many 25<^ ball point pens can you get for $3.00? 

42. * How many nickels are there In a roll of'$2.00 worth of nlcltels? 



e 



What Is 1624 divided by 12? 

12/F62J 



The answer Is found by subtracting as many 12"'s from 1624 as pos- c 
slble. However, -subtracting 12^s from 1624 one at a time Is very • 

slow, so subtract 12's In groups. ^ 
^ . . 

Look at 1624. It Is 16 hundred and 24. Since we. can sub- 
tract 12 from 16, we can. subtract 12 hundred from 16 hundred. 'One 
hundred 12's Is 1200, so subtract one hundred 12" s: ; 



Numb'er of 12* s 
subtracted 

12/1624 

-1200- ' 100 /, ♦ 

. -424 



\ 
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' , Look at '42 4. It is 4 h'undrei-^jicl .24 . You cannot subtrat;t 
♦ any more groups of one hundred 12's"b>^^ii«r6.you cannot subtract 

12 hundred from 4 hundred. ^ *" 

?- ' ■ • • _ • 

. " 
Now rename 424 as 42"^tens and 4. Since i2 < 42, we can" 

subtract 12 tens* from 42 tens/ In fact, we can that subtracting' 

• , ** ' 

- three times . . . ' ' * 



Number of 12' s 
subtracted 



12A624 • ' . ^ 
- 1200 100 
424 

-120 10 
304 

-120 • 10 

184 

-120 . ■ 10 

■ 64 



(You could have shortenecj your vyork by' subtracting thirty 12's all 
at once.) 

■ ^ • ■■ c ■ ■ 

Finishing, we subtract five 12's. v 



« 


Number of 12 




' subtracted ' 


12/1624 




-1200 


100 


, • 424 




-120 


10 


304 




-120 


10 ■ 


184 




-120 


10 


•' .64 




.-60, 


' . 5 

1. 



• 160 



0^ 

We are done subtracting 12's because no more Jl2's can'be 
- taken ^way from 4. »In fact, 4 is called the remainder. 

We ^d the quotient by adding up the number of IZ'sthat 
w^rte subtracted. 

»• • 

, ' * - Number of 12's * . 

' ■ ' subtracted 



12/1624 . 




-1200 • 


100 . 


424 




-120 


10 - 


304. 




-120 


10 • 


184 




-120 


.10 


'64 




-60 


■ 5 


4 • . 


135. 



SO 1624 ^ 24 = 135 with a reonalnder of 4, 




t)o the following divisions: 
43. j^38 ^ 12 ^ 



44.. 4/53TT 

i » c ^ 

AS. How many 6's are there. In 1236?- 
47% " 70^ Is how many tlmesiarger th,an 7? 



48. 2939 divided by ^. 



I 

j-17 



49 . How nrgny dozen eggs are^there-ln 15, 648 eggs ? 
50.. 19/7700 / 
51. 3661 f 52 

5£ 8700 * V 

42 

SECTION 7 , DIVIDING PAST THE DECIMAL 



' ■ ' In order to save mondy on food Bills, people sometlr^es 
form a food cooperative (called- a co-op) • They buy food In lai^e 
^uantrti;^s^t a cheaper rate, and then divide it up^ 

53. A co-op bought 40 pounds' of rice to be shared equally by 
eight families.. How^much rice should each family get? 

5.4. Twelve families are going to share 18 pounds of sugar! How 
much should each iamlly g^? J ^ 

5^5. There are 44 gallons -of syrup to be shared equally by 16 fam- 
ilies. How much syrup should each family get? 




All tK^s^questlpns are answered by dividing. For Question 
53, the division tells us that each family gets exactly five pounds. 
However, ^Questions 54 and 55 do not come out exactly to whole 
numbers. 'To share the rest equally, we rieed to ^Ind what part of 
a pound or gallon each family should get. 

For Question 54 we need to divide 18 pounds by 12. 'Divid- 
ing 18 by 12 gives 1 with 6 left over. Therefore, eachlamily gets 



1 potind and a fraction part of the?pounds left over. The* 6 pounds 
still needs to be divided up among the 12 families. So each family 
.gets 1 pound plus (6 -M2) pounds. But 6 12 = ^ or , so ©ach 
family gets l-^" pounds of sug.ar. 



— ' 



uestlqn 55, 44 'gallons -f 16 Is 2 galldhs plus (12 -^16) 
gallons of syrup. 



12 12 3 -3 

^gallons Or 277 gallons. Since TT = 7/ each family receives 27 



56* If you wish to divide $10 equally an!ong eight friends, how 
much -will they each get? , <^ 

57. A 36-cm stick Is &rokon into^flve sticks of equal length. How 
long Is each stick? 



58. You earn $53 for wo rking 20 h ours . ^ow much did you receive 
for each hour you worked ? 

59. T^^enty granges cost $3.00. How much will 30 oranges cost? 

60. -A hl-fl dealer had a saTl^pn casse^ tape players. He sold 
24 and took In $786. How^muclTdfld he charge for each 
player? - . * - , 

These .questions are best answered by getting t\ie 'quotient to • 
one or two places past the decitnal. We 'Can get quotients In decl- 
raal form by extending our division process. * 

Method. I 



l^he quotient of $786 -f 24 will glv« you the answer to Ques- 





tion 60. Since yoU want to know the «swer In dollars and centi,, 
you nedd to calculate to the h^indredths place, .-.r 



Start^byC^etting the whole number part of the quotient. ^ 



IB 



30 
'32 



\ 

Since you want the answer to the hundredtha place, put a 
d^clmal point and twp zeroes aft^r t)ie 786. Bring tfiose-two zeroes 
down beside the remainder; 18. Now draw a vertical line on' the 

^ H -r _ 

right. This will remind you that what follows are hundredths.* 



24/786^ 
720^ 3d 
■ 66 

; ■ 48 ' _2 
1800 32 



Now you divide the 1800 by 24. It will telfus how many; hun- 
dredths there are in the a6otlent. Plaee the answers to. the right of^ 
the vertical Une.' 




/ 



/ 



<» 

s 



164 



• 75 



Therefore the quotient is 32 and — or 32 .75. The gale price 
of the cassette player was $32 .75. « . , ■ 




(Method I only) . * 

, r 

61. The following division Is completed to the thoustmdths place. 
Explain what happens In each step. , % 




■Method II 




The quotient of $786 4 24 will give'you the answer td Ques- 
tion 60, Since you want'to know the answer in dollars and cent^, 
you need to calculate tQ the hundredths place, 

. Start lay getting the whole' ^umberpart of the quotient as be- ♦ 
fore, except don't, add It up y6t/ 



30 

\ 
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Now, to get tbe number of tenths, place a zero in the tenths 
place next to 786 and do the same to'the remainder. 



. 24/786,0 

720 30 
' . 66^ - 

48 2 
18.0 



Now do 18.0 -f 24.^ 'Since you want the number of tenths / re- 
nam^ 18.0 ,as 180 tenths. Then the division is 180 tenths ^ 24. ' 
Vou may guess 6 tenths 4 Pat that on the right and multiply ' 
0.6 x-'24 = 14.4. - ' 



24/786.0 

■ 720^ .30 ' . 
66 

48 2 
18.0 

** ' ■ 3.6 * . /. 

Rena/me 3^6 as 36 tenths. Since 24 < 36, you can subtract 



another tenth. 



24/-.786.0 




720* 


.30 






48 


2- 


18.0 




1^.4 


0.6 


3.6 

















Rename 1.2 as 12 tenths ^nd notice that 24 cannot be sub- 
tracted frofn^l2. Therefore, you cannot subtract any more tenths. 
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To get hundredths, put a zero in the hundredths place to the 
right of 786, and do the same to the bottom remainder, 1.2 . 



,• 24/'/86.C^f . 

, ' ^ ' ' 720 ^ 30 . 

. 66 ' 

48' 2 
. -. ' . 18.0 

^ * ' , UA' 0.6 

3.B 

2.4 0.1 
1.20 




Now 1.20 4 24 is 120 hundredths -r 24. You may guess 5 hun- 
dredths. Multiplying gives you0.05k24*1.20. Adding up gives 
the quotient'. 



24/786.00 




720 


30 


66 




48 


2 


18.0 




• 14.^ 


0.6 


3.6 




2.4 


0.1 


lT?0 




LZO 




o.oo 









So the cassette players cost $32.75 each. 

. ■ (Method II only) ^ . • ' 

62. Th^ following division is completed to'the thousandths place. 
Explain what happens in each step. ■ ,* , '\ 




Write the'foUowlng fractions In mixed. notation: 
3 - • . 



(b) 



23., 
5 



(d) 



8 . 
153 
1? 



(e) ^ • . 

Suppose you want an answer. to, the nearest tenth. Dividing, 
you get 14.6 for a quotient: ' you be sure that 14.6 Is' 
correct to the nearest; tenth ? Suppose by dividing to th§ hun- 
dredths place you get 14. 66. Then_the ans'wer to. the nearest 
tentli is 14 . 7 . Therefore, if you want an answer to the near-, 
est" tenth, calculate to the hundredths place and round off . 

Find t|iese quotients to the nearest tentl^ 
(a) 248-T- 33 ' . 



57.6 
16 



(b) 

(c) ' " 



( 
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■ 4 
. 6-24 . ' 



' 65. Find these quotients to the neare»£ hundredth: 

' (a)^f 112 21 ^ ■ ^ 

(b) - 18/41 . 

(c) ^ ■ • 

41 



I \ 27 



' 66. If car loses $500 of value in a year, how much does It 
lose §ach day? (It's not a leap year.) 

# 

67. A bag containing 50 nails costis $1 .30. ^ow much would 
^ 55 nails cost? 



SECTION 8 . DIVIDING BY A DECIMAL 




So" fSr you have not learned to divide a decimal number. 
For example, ' ^ 

What Is the quotient of 38 -r 1 .9 ? . " 

Here ks a way to answer th|s kind of division problem. First, re- 
write the division as a fraction: * ' ' 

op ^ ^ 

■ • ■ . - . . 

I^ext, 'find an equ^l fraction- with a whole number In the denominator 

t 

38 38 X 10 _• 380 • 
1.9 ~ 1.9 X 10 ~ 19 . ^ • • ■ 

38 38X) ' ' 

Since T^^r and ~rx are equal fractions, they ha^e the same quotients 
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In other TAjprds , 380 19 gives the same answer as 38 1..9\ There-^ 
fore do , 

19/3M 



H^re Is another example: 

* , 'l.33/Q^175, 

Change the division to a fraction: 

0.175 
1.33 

Flrtd an equal fraction with a whole number in the'*denominator: 

^ 0>175 0A7S X 100 _ 17.5 
, 1.3"3 ^ 1,33 X 100 133 



Do the. division: 



133/1775 ' 




68. . TcJ^change 1.9 Into a whole rfumber, w^t hlultlplied by 10. To 
chalg^^e 1.33 into a whole numbed, we mi/ltiplled by 100. 
What.wo'uld you multiply 0.057 by to cl/^nge it Into a whole 
numtrer? ^ 



69. Change the^ following fractions into equc^l frachons with a 
. . whole numb'er {n the denominator: 




■ (b) 



1.3 
•2.8 



0 
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(c) 

(d) 

V 

(e) 
•(f) 



0.008 
0.07 

4^.6 

23 



4.15 
2 .112 

6.83 ; 
0.5 



70. What division will you do to get the quotients for these 
divisions: 

' ' (a) 4 - 0 . 6' 
« y 

(b) 237 ^ 1 .42 ' . . 

^ ' (c) 30 r 0.007 • ' 



71 . Find the quotient for the following to the neare^^st tenth: 
/ » 3 6 . 3 

X? . . ; 

" (b) 0.5239 ^0.052 
■3.4 



(c) 



4.91. 



72. Find these quotients to the nearest hundredth: 
• '(a). 4".5> 3.02 " ' ' 



^ ' - fu\ ' 0-073 

oToo? 





The cost of ople pound or one gallon of an item at the grocery 
store Is called the unit price / In many states, large/grocery stores 



are required by law to display unit prices. By comparing xinlt prices 
customers can decld^ wiilch package Is the better buy. 



73. A brand of chocolate candles comes wrapped In medium and 
large size bags. The medium size costs $0.83 for 0.75 ^ 
pounds and the. large size costs $1.05 for one pound. 

(a) What Is the \mlt price for each size? ^ ' 

(b) Which size Is cfieaper for one pound of candles?. 

74. Two different sized packages of the same type of white bread 
-cost - . . , ' 

. • 58<;: for 1.25 lb' or . - 

♦ V 48<;: for 1 lb 

Which package has the cheaper unit price ?*^ 

75. You can buy raisins In a 15-ounce box for 69<^ or In a pack- 
age of six small 1^-punce boxes (nine. ounces total) for 55<^. 

Which type of packing charges more for e^ach ounce of 
raisins? . ' . 

- * * \ 

76. Jf bags of three ounce candy bars cost ^ 

\ $1.99 for 2 lb.' . 
' ' ^ ^ ^' $0.88 for 0.8 lb' ) 

which Is the better buy? 

77. Icecream sandwiches come In two sizes* 

' ' 'Six 3-ounce bars (l\ l3'lb) for ^0.89 
Twelve 2- -ounce bars (2 . 5 lb) for $1 . 16 



Which size glves^you t^e cheaper unit price' 
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SECTION 9 THE FAMOUS RATIO 




Find and record>the ratio of the circumference to the diameter 
of three circles using the steps shown below. You may want to use( 
your manhole covers, • • ^ ^ ' 



Step 1 



Tape ^ piece of paper tjn^our desk top. 
TfieW place the dlamet^lbf thg^-clrcle at 
jthe right comer^of the bottom edge of 
the paper. , Mark the diameter length at 
the edge. ' 



Step 2 . • . , 

Place a mark on the edge of the circle Itself. The distance from the 
mark all the way aroUnd the e(jj|^ ^fjthe circle and back to the mark 
is the circumference of the circle , 






Step 3 . \ 

Start with the mark touching the 
bottom right-hand. comer. Roll ; 
the circle, without slipping, ' 
straight up the side -edge until 
the mark touches the paper again. 
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•y Step 4 , 

Mark that point at 
the side edge. 




Step 5 . 

Connect the marks 
on the paper 




Step 7 , . 

The bottom edge of the 
triangle corresponds to 
the diameter of the clr^e 
Measure and record Its 
length on your triangle. 
Do the same for the 
side of your triangle 
that corresponds to 
the circumference 
of the circle. , 



Repeat Steps 1 through 7 
using two othey circles. 




feRjc..,:-.. . 
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78. What do you notice about the three triangles when you place 
them on top of each oth^? 

V 

^79. Calculate the ratio of the circumference to the diameter for 
the circles 'you rolled. 



80 ♦ 'Are all the ratios equal? Compare your results with your 
classmates'. ^ ^ , 

\ - 

81* What ts an approximation of the- ratio of the circumference 
to the diameter for any circle? 




1 



The ratio of the circumference of circle to its diameter 
is TT (read "pie''). ' . ^ , 



circumference / ' 
diameter. 

* - * 

It means ^hat the circumference of a ptrcle is tt times as long as 

the diameter of that circle • 

V V 

* circumfei;ence = tt X' diameter^ 

Did you find that tt is about 3.1? More accurate calculations show 
that it' Is approximately equal to 3.1J. ^ \> # 



m 



^yc If a T^Kle has a diameter of 4.0 cm, what Is its circumference? 



83. Luiz'wWfs to put a fepce ar6\ind his circular flower bed. It 
measures 6.7 meters across. 

(a) How many meters of fencing will he need? 



(b)^ If each meter of fencing costs $1 .59,^how^muc)i.will he 

-rreediro-spBrrdt 



Brenda's family has(a patio shaped like a half-circle. It Is 
3.5 meters across the diameter. How far is li around th^ 
* curved edge 'of the halfr-clrcle? See Figure 4. • ^ ' 



/ 



Figure 4 




55. Your wals^ Is somewhat like a circle. 

^ (a) Measure the distance around your ^alst. 

(b) How -^any time^ longer is ypur Ayalst th^ji your wldtlJ^?? 

6\ How far Is" It ar6und the race track *shqwn In Figure 5, which 
^ is made up of a sq\^^ and two half circles?^ 



' Flgu/e 5 
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•ECTlbN 1 UNITS OF AREA 




r. 



J(^easurement Involves counting units. When measuring 
lengths, our unit Is p length (a c^jatlmeter, a rfleter, a foot, anlnch, 
etc.). Whej^easurlng angles^our unit Is an angle (one degrefe). 



.Similarly It\ measuring* areas, unit Is an area. 

Units of lehgth vary oni^fl^i size (centimeter, Inch, meter). 
Units of area, however, can vary both In size and In shape. For 
example, /any^the following three units shown liV Figure 1(a) can 
be used to measure the, area of tlje parallelogram ln^^lgure V(b). 



7, 



▲ 




/ 





(a) 



Figure 1 



177 



The re§ult Is shown In Figure 2 (ah (b), and (c). Notice ttiat copies 
of each of the' three' units of area have been arranged on the parallel- 
ogram of Figure 1(b), so as to just completely cover -It. Then the 
number of units of area covering the parallelogram in each case has 
been counted. ^ 




8 units 




1. i?slnr 



l^^^'^^it of area, what is the -area^df eacli-bfi'->*-* - ^ 



the shapes in Figure ^3? 



; (a) 

-( 

(b) 




y 
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• 2. Which of the regions In Figure 3 have the same area? 



3. 'Use. 




Figure A,. 



ft- 



as a unit-tQ^lnd the area of t(i6 polygon?' in 





K Jit:* 



' . Whi.ch region has the lajger area, the one In^^lgure 3 ta) 
In Figure 4(a)? ^ ^ • % 



or 
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Trace «aoh of the shaded unit are^s In Figure 6(a) s4x times 
and cut each out. Using each shape that will work^ find the- areas^ 
of the -polygons of Figures 6(b) and 6(c) . 




Figure 6 
(a) 





\ 




. -6. *Vhlch unit area exactly covers both polygons ? 

7. What unit ar^a Is easlest.to count? Why! ° 

'8. JWhlch unit area Is easiest to ^Ivlde Into smaller equal units? 
^ Why?. „ . ^ . ' 



9. Which unit arefi'ls paslesj to use as a unit of area?' 



' 181. . 



SECTION 2 \ FINDING- AR^AS 'l^J SQUARE CENTIMETERS 




m^asdring area. Thus, a^ common unlt-of area (for small areas) Is 
^ .the square toentlmeter. A square cen|lmete? Is a square that mea- 



You h'ave seen that a square unit area Is •^ally hesf for 



iet( 

5ld( 



sureS'l cm"on a side (Figure 7(a)). 'The con!rfion abbreviation for 

' square centimeter Is cmf. ^ ^ 

_* * * 

' . ^ * ^ 

• ■ * To find the area dt a region In square centimeters we can 
^« either coveftKe region with but-^otit square centimeter pieces or 
use-a centlmeter-griiLa^^raEl 
the- area Is 5"^x::m2. ^ \ 



'Igufe 7^(b). A glmpl#coUnt shows that 



. Figure 7^ 



.(a) 



□ 



(b) 

















/ 




















/ 










/ 








\ - •; i 

10. ' Find th6 Jareag^ln squa^^e centimeters of the regions In Fig- 
* . . ure 8. \ (Centimeter grids Ijiave^beert drdwn oh each &f the 
regions.) A- . • ' . ' 



'A 
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' yi - . > - - • • . , ♦ • • • 

Soknetlmes- we cari use grids to find the exact area of a 
shape^eventhbugth we cannot fill it exactly with whole standard 
..units or divide single unit squares with diagonals. For example, 
to f^nd the area of the triangle In Figure 10(a),, we choose a rec- 
t«ngle which, completely covers the triangle and whose area*we 
^ caiveaslly find. Figure 10(b) show^ that the shaded 12 cm2 ^-ec- 

taiigle covers the triangle. We can get the area of the triangle by 
' subtracting, from.the area of the rectangle, thg shaded areas, 
labeled I and II, of Figure 10(c). . . , ' 



Figure I'o , 




. (a) 



(b) 



tc) 



* • 



We .can do this in tWo-.stepq.-. First we 'find the area of 



* 1 . • ■ 

Part I. It is ^ of a rectangle wh?)^e area is 12 cm2. Tjjerelore, 

the area of Part,! is 6«cm2. P^ jj is^-^ of rectapgie whose ai^a ' ^ 

s,3 cm^. .Theref ore,, -.^fte, area of Part H is 1-^ cin2. The'sum of the ' 

area of Part I and the.i^fi^ of Part II is ' ■ ' ' 



/ 



6 cm^ + ^-^ cm2 = 7^\cm2- 



1 



, S6 the'area of our reglpn,'"the unshaded\trlangl^r-tn'^Fig,ure . 
ip{c). Is ' ~ ^ • ' '■ 



12 c,m2 ^ l)- 



ERIC 



\ 
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12. Find the areas of the polygons In Figure 11, 
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/(d) 
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SECTION 3 BRACKETING AREAS 



\ 




r- 



Centimeter squares do not fit exactly Intcxa region- enqlosed 
by a curved Ilne'(Flgure 12); fherefore^ we carirot find the ar^ \ 
directly ^l^LCountlng unit centimeter squares. Wg can, ho^weyer, • 
find ari are^^|^lpr than tHe region and.ait area larger than the re-, 
gld^. jSo we can bracket the area of the region b„etween the smaller 
and larger areas. * - ^ . / 



\ 
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Figure 12 



\y Counting the squares that^ completely cover the region, we 

I5f©f.21 .squares (Fllgure'l 3 (ail). Each square is I 'cmZ . Therefore 



area of region < 21 cm2 



• -Cpilntir^gy:ne squares- that lie entirely within the region, we 
V get'*fiv^ square $1 (Figure E'3(b)) . Therefore! ^ 




5 cm2 < area of region < 21 crtfi 



/ 














# 
















f 




^^^^ 
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(b) 






3 



4/7 • 
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A value halfway between the sjnalleraijd larger bracketing 
values is usually af good approximation pf the area of a region. *.This 
halfway^value is the average o;f the lower and upper crack eting val- 
ues» The average of 5 om^ and 21 cm^ls 



5 cm^ -^ 21- c.m^ 
2 



2 6 cm2 



= 13 cm^ 



. Since ttie actual value\ of the area could be any nun)feer be- 
tween 5 cm2 and^^l cm^ , ,our 13 ctn^ approximation could be off by ^ 
as mi^^ as S cm2 , This is beo^use^e difference between the "av- 
erage and theJow^rJjracket^s^ and the difference belweerrthe 
average and the upper bracket is & cm2;. To sfiiow the uncert^nty^ 
of the value we say the ^rea is IS^cm'Z toVithin 8 cm2 . 




13. Find' tile averag^e of the following pairs of numbers, 
(a)' I4I22* 

&) 19, 25 ^ ' / , 

■ . (c) XU, 137 • 
<d) ISO, 17.9 




(aV Bracket the area^of the regiaif^" in Figure 14. (Use ydur 
, centimetei^rid.) . . ^ ' 

(b|_j What is the average of the upper and lower brackets in 
5-^ * each case? ^ ^ ^ l-^-^^''^'. . , ■ 

^ V (c) How good an approximation is eadh average? 
. (d) .Which area aye you mo'st sulre of? Why? 
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(a) 
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^ LEY DE 
PITACORAS 




AEREO 

g •2(1 

-USUFOnrauiStUTUUTIUSQlICjUffiUR^ 




/ 



(c) 





1 



/SECTION- 4X MEi^URING AREAS INTERACTIONS OJ>A UNIT AREA 




In Sectton 3 whert we used a ce(^tliT^eter grid to bracket the 
area In Figure 12 we found that 

. • "^cm^ < area < 21 cm2 . 



y 




y . blowing that the area of the region Is between '5 cm2 an9 
21 pm? gives us only a very rough Idea of what the afea reaHy Is/ 



We can get a,^etter estimate of the area If we use^a grid with smaller 
squares^^ Let us see what happens when we bracket the area In Fig- 
tire 12 witlr squares that are only cm on a side/ 



1 ' . 1 ^ 

A square ^ cm on a si,de has^an area of ~ t;m2 because four., 
such squares are needed to' exactly cover/ a square 1 cm on a side 
"(hgure 15). . - ' 



Figure 15' 77 c m , ^ \ \ 



l cm 



Counting the squares- in Figure 16(a) that completely cover 



the region we get 70 of the ^ cm^ ^uares. This is 

70 X'-^cm2 =17:5 cm2 



A count of the numbef of squares that lie*^entirely within the region 
'(Figure 16(b) gives 36 of the \ cm2 squares. This*is ^ 



36 X'ycm2 = 9.0 cm2 
4 I 



Ther;efQre 



9.0 cm2 < area < 17.5 cm2 



This result^ is more accurate than the first since now we c^n say that 

^ 9+175' ^ 
the area in Figure 12 is - — cm2 = 13.25 cm2 ti) within 4.25 cm2 
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Figure 17 shows the same region used In Figure 12 but it is ' 
1 . 

Gpvered with aquares^j-'cm on e'ach side. Because it takes 16 such 
squares to^ftll 1 cmfyj each little square has an area of ~- Gm2. 

\y- Bracket the area of the region by using Figures 17(a) and- 

l7(bK Since the counting may be tedious, you may want^o think 
of a ^ay to make it easier. f , ^ ^ ' 



" Figufea? 
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(b) 



^What bracketing value^'^hkve you found? What is their av-- * l-' 
.frage? ..To^ith^ri how many squai:? (^ntimeters Is your result ac- '''I 

curate? (• . ' ■ 

•-' ? '"■ 'A k 




if-'.- 



• It^proAfe t^ie mjea'surement cjf the area of tf^e regions^ in Fig^^ 
' """^A^ byiiisliff one of t^e spialler grid's, ^ - • J^"^**'^'^ 

/• ■ . ■ '- ■ '• . • • « - ■ _ . . ' 
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:cTioN 5 short'gxjt for counting area -units - areas 

^- ^ OF RECTANGLES'- ' j 




It Is tedious to count a veo^ laTffe numberof small unit t 
, squares as you did in Section 4, Fortunately there Is a shortcut* 
that can make the job easier. 



Try ):o find .a ''short-cut" fon counting the number of square, 
tJnlta-ln'each 6t the rectangles In Figure 18. Ffnd their areas uslr© 
your shortcut. Compare your rule with those of your classmates. , 



Flgu>. 18 
/ 
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-V- 
























(c) 


r 








(d) . 



1 l_l 



(b) 



.( - 



0' 




You probably tiaVe fburid^a quick way of counting the number 



of square centimeters in^a rectdngteV 




k " 
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\ One way Is to count the 1 cm2-squares In one row. and^mul- 

tlply t>y the'number of rows. Eor example, In Figure 18(b) we have 

^ three 1 cm^-^quareg In one- row. That Is, the area of one row Is 

3X1 cm2. We have four such rows. Therefore, the total* -area Is 

♦ 

4 X 3 X 1 cm2 = 12 cm^ 

Since the unit of area' (cm2) is a square, 1 cm on a side, we can 
write the above multlpTlcatlon as . ' 

• ■ ^ ' 4 cm X 3 cm = 12 cm2 

We wrlt|(?the unit of length (cm) and the unit of width (cm) 
after the numbers that are th^ measure of length, and width. We do 
this as a convenience to make sure that both dimensions are mea- 
'Sured In the same units. Suppose we measured the length ^f a ^' 
rectangle In 'meters and the width In centimeters. Then the product 
would be neither the. area In square centimeters nor In square meters 
So If the units are the same, the area of a rectangle Is the length 
times the width. 

area of rectangle = length x width * 




14. - Find the area of the rectangles In Flgxure 19.. 

Figure., 19 
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15. (a) How^many centimeters are there along ^ side of-a square- 
' meter? ' 

. (b) How many square centimeters are there'in one square ^ ' 
meter (1 m2) ? . * , 

How many square meters are thari in a- square kllorrieter (km2)? 



16. 

•■ 17. 



Find the area of rect.angles ^Ith 

(a) , length,, 12 cm , ■ 

width, 4 cm 

(b) length, 23 cm 
width, 14 cm 

(c) length, 20.5 m 
, width, 9.7 m 

\ 

id) length, 46.7 km 
width,' 9:2 km 



'1 



18. Find the area of the following rectangles: 

(a) length, 1.2m 

^ width, 80^cm ^ ' ^ 

(b) 700 m by 2 km. » 

(c) 65 cm by 12 .8 m ' ' 

(d) 8 cm by 5 km ' ♦ , 

19. You plan to paint a pirch floor. It Is 40.0 ft long and 12.0 ft 
^ wide. You know that one gallon of the paint you are going to 

use will cover 400 square feet of surface. How many gallons 
' - of palM wlU you need? - ^ " 

20. Draw ^'rectangle whose area Is 

(a) 12 cm2 

(b) 25 cm2 , ' * 
"(«) ,15*'Cm2 

(d\ 24 cm2 ' 
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1. In Figure 20 subdivide the e-nclosed region into re^^hgles. 
Find the area' of each' rectangle, and then find the total area 
of the .enclosed region * ^ 

* ' Figure 20 ' a' ^ * 



(a) Figure* 21 shows the region of Figure 17 enclosing five 
rectangles. What Is th^ total area^of the five rectangles-? 

(b) Ho^ would you use your answer to part (a) to-find a' 
'ower bracket far the area of the region? 



Figure '21 
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SECTION 6 MULTIPLYING FRACTIONS 




J 



In flndingdhe area of a rectangle we can use multlpjlcatlon 
as & short cut to count area units. For example, to count the 1 cm^ 
squares In a 5 cm by 6 cm rectangle we multiply 5 by 6. 



So far, however, we have not tried to find areas of rectan- 
gles with lengths or widths that are' fractions. For example., how 

2 3*' 

do we find the area of a by ~ rectangle? 



2 3 X 
To get the T by t rectangle we divide one side of a unit 

1 1 - 

square Into -r's and another Into t*'s. This divides the unit square 

1 

Into 3X4 = 12 etoual parts. Each part Is — of the unit square as - 
shown In Figure 2z . 



2 3 

Now we shade a — by 7 rectangle (Figure 23). It has two 
• 3 4 * t s 

rows and three columns, or 2 X 3 « 6 of the' 12 equal t)arts There- 

6 * ^ 

fore, the rectangle is — of a unit square. Sinc^the area of a rec- 
tangle Is length tifnes width we conclude . 



2 3 6 



Figure 22 



^ Figure 23 \ 



1 1. 
■4. 4 4 
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Let us look at another example. What is the area of a 

2 5' -25 

■r by -r xectangle? In other words, wh^t is "t x Sinc^ we have 

1 1 

•j's and j's we dlvidB a unit square Into three, rovys and two columns 
or 3 X 2 = 6 equal parts (Figure 24) . ' ^ 



Figure 24 




± 
2 



2 5 

To get a^r by 7 rectangle, however, we need thr^e unit 

>3 ;2 , V 



, squares because '2 <~*< 3. \So we add two unit squares to the one 

w — ^ Z • ^ ' 

in Figure 24. This is done in Figure 25. The shaded rectangle in 

thig figqre has two rows and fiv^ columns or 2 x 5 = 10' of, the six 

equal parts. Therefore 
' ■ '1 

■ 2^5_10- 
• ' Figure 25 



ERIC 
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t 



V ' ( 

" Note that In both examples (1; the denominator of the answer 
^Is the-product of the denominators of the fractions being multiplied; 
and (2) the numerator of the'answer Is the product of the ^numerators . 
The examples suggest that we can multiply fractions In two steps.* . 
Firat we multiply the denominators. This product gives us the num- 
ber ot equal parts into wh4ch we divide the unit square. Next we 
multipily the numerators. This gives us the number of the equal parts 
^^ye need. Therefore to multiply fractions together we multiply num- 
erator by numerator and denojnlnator by denominator. For example 



5 4~5X4"20 



m 



23. What products are illustrated by the shaded, rectangles in 
Figure 26? * . ' " 



Figufe 26 



(a) . 



2' 



(b) 







1 

C 
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24. Mialtlply the following fractions. 



2> ? 

(b) fxf 



10. 100 



25.. . What is: 

(a) ■ I of 2 ? 



(c) I of I? 



y - (d) 4 of T? • 



^ 1 



8 .2 



26. W.hafis 

2 -3' 4 



(b) fxfxf? 
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Find ti\^ following products. (Hint: change eafch'number^rom 
mixed notation to a fraction;) 

(a) lf=<lf .. . . 

(b) 2-x 3- ■ - - ' 



(0 7fx2i 



(d) ll|xl2| 



Which o^f^e following produ^cts are equal? 



7 ' 9 7 5 

v(a) -x:^ and -x- 



(b) tx^ and 7 x -J- 
4 « 3 5 2 



, X 2 J 4 V 5 \, 1 
I^I 3^1 



(d) l^xf and -fx I 

5 4 . 55 4 

(e) yX"^ and gX — 



/ X 2 4 , . 2 ^ 2 
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SECTION 7 MATCHING PRODUCTS OF FRACTIONS 




This is a'cafd gam^ for two to four Qiayers. The obje6t of 
the game is to win the most cards by matching equal fractions. 

You win cards by matching one card from your hand with one 
or more cards from the table. Your card matches one card from the 
table if the fractions printed oYi both are equal, and matches two or 
more cards if their product equals the fraction on your single card. 

V 

♦ 

You can use pencil and paper to multiply fractions if you 
need to. Whenever you make a match you must convince the other 
players that your card does match. • ' \ 

• The game begin§ .with the dealer dealing four cards to ea*ch 
player, putting four card?^ face up on the table in the middle and - 
putting the rest of the debk face down in one pile t)n the table. The 
play begins to the dealer^g left^and continues clockwise. 

During a turn, a p],^yer tries to match one of his cards with 
one or more cards from th^^: tabi.e. If he makes .a match he gets td 
keep his card and the matched tards in a pile of his own. If he can- 
not make a match for any ^e^sorr^ he must place one of his cardsf 
face up in the middle of tftp table After matching or placing his 
.card, he draws one card flom the unused deck to replace Jvts card. 

When the deck is used up^the play continues until all the 
, cards from everyone's hand are used, ^he iast person to make a 
matph then gets all the remaining cards that are face up on the table. 

The plajspr with the most cards is the winnel-. . 



1 



piajsp: 
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SECTIO N 8 MULTIPLYING DECIMALS BV DECIMALS 




- To calculate the area of a 37.5 cm by 0.52 cm rectangle we 

^ need to multiply decimals. \ We can do this the same way we multl- 
plied a decimal by a wjiole number. That is, we do it In two steps. 

(a) We' multiply the twp numbers, as If they were both whole numberis. ' 

(b) We approximate the product, with each factor rounded off to one 
non-zero digit and the correct number of zeros. =We can then use 
Tables 1 and 2 In^Chapter 5 (on page 5-10 and S-13) as well as 
Table 1 in this section to find the place value of the product.. 

- •'Examples : 

(1) What Is 37. SX* 0.52? Ignoring the decimal point we 

■ have ■ ^ • 

% • ' 

375 X 52 = 19f§.00 

Approximating the product gives 4 tens x '5 tenths = 20 tens X tenths. 
From Table 2 Wi page 5-13 we see that tens x tenths p ones. So our ' 
approximation}^' 20 ones = 2Q^. Therefore, we place the decimal • ■ 
point so that the answer is close to 20; thjit is 

' 37.5X 0J52 = 19.5,'^ , 

\ , ' 

(2) What Is 0.51 X 0.°021? Without decimals 51.x 21 = 1071. ' 
Rounding off the factors we get 0.5 and 0.02. frorii Table 1 in this I 

section we see that * ■ . 

« , * ^ ' *? • 

. ' . ; * ^ ^ ' >.v ' ' 

(tenths) X (hufidredths) = thousandths 



Therefore the approximate answer Is 5 tenths x 2 hundredths ^ . 

It) thousandths or 1 hundredth; and the exact answer must be 0:,cio7l. 



./■. 
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TABLE 1 



X 


ones 


tenths , 


hundredths 


ones 

• 


ones. 


tenths 


' hundredt}]is 


tenths . 


tenths \ . 

— a 


hundredths 


thoCtsandths 


hundredths 


hundredths 


•thousandths 


t^n thousandths 




^ 1 1 

Make two tables like Table 1 using fractions {—i rrr 

10 100 

<leclmals (0.1, O.Ql) Instead of words. 



) and 



29^ Where do the decimal points go in each of the following 
produQts ? . • ^ ' 

(a) 0.21 X 0.32 672 , * ' 

(b) 0.056 X 0.8 ^ 448 

(c) .0.96 X 0.038 = ?648 

' ^ (d) 1.6 X 0\035 ^ 560^ . 

« 

(e) .0.082 X 0.057 = 4674 



30. Without dolng'the -calculations, which of the following results 
, are definitely wrong? 

(a) ' -"0.36 X 0.15 = 0.54 " , 

(b) 0.07 X 0.96 = 0.0.662. ' • ' ^ 

(c) 0.88 X 0.045 = 0.0396 • 

(d) 0.063 X 2.92 = 0M84 ■ ■ ' ' - 

(e) 0.011 X 0.019 = 0^0002 

- S'l. . Find the valu^s^f the products- (a)tf«through (e) . 



(a) 0.22X0.0& 
'(b) , 0.B6 x-0.76 ^ 
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Cc) 0.35 X 0.026 • " , ' 

(d) ' 0;08l X 0.012- , - ^ * 

(e) 0.063 X 0.58 \ ^"^^s- 

^ H — 

SECTION 9 ESTIMATING AREAS 




Here Is qn area estimating contest. ,*Brea1c.up into five of 
six team's of equal size. Have your teacher pick out a number of - 
different rectangles whos^ area you will estimate (area of a black- 
' board, desk^top, door, wlndow-> postage stamp, sh^et of paper, et'c). 

> Write down your estimates of length and width (in meters for 

large rectangles and centhneters for smaU ones), Then calculate 

\ A' 
"your estimate of the ar'ea. - - ^ 

; .# 

A^er*^everyone has written 'tlielr estimat;^ of the area'df a " 
rectangl'^BlTO students^ from different |e^rns measure its length and 
^ Width and calculate the rectangle'')^ area; ^ • . * 

Everyone'then fli^ds out how lar ggj^i s or hererror is. 

Each team finds the sum of its members^ errors/ The team 
with the lowest^ total" wins. / ' • 

r^— ^ ^ 1 ^ 

SECTION 10 THE ARE,^|^F PARALLXLCKS RAMS AND TRIANGLEg 




A parallelogram is a quadrilateral tt^t has^oppos^ite sides ' 
- . fjjjrallel. the angles made by its sides a^^o^ten riot right angles. 
" - We can find the area of such a parallelogram by^making it Into a* t:- 
v/- . - : rectangle. ' ^ • . ' \ \ : ' ; 



We start with the parallelogram In^Flgure 27(a). We cut off 

the right trtangle ACE shown^n Figure 27(b) and move It to the other 

•» * 

end of the parallelogram/ This gives us the-rectangle ABEF shown In 

^ - \' \ 

Flfture 27(c)* We can'easlly find the area of this rectangle by multl- 
plying theVlength of the'slde AB by the length of the side BF. 



Figure 27 




(c) 



^ The line segment AE of the parallelogram in Figure 27 Is usu- 
ally called the height of the parallelogram and the line segment^ EF Is 
called the base , . (figure 28) . Therefore 

area of parallelogram = height x base- 



Figure 28 



Trace the Rarallelogram In .Figure 29 and but^ff a right trlan- 

gie front either end. Fit the two- pieces, ^togjether to fprm a rectangla. ' 

\ 

Measure the sides and find Its area. ' 





32. Find the area In cm2 of the parallelograms In Figure 30, 



(a) 



Figure 30 



33, 




(c) 



\ 



Find the area In cm^-of the parallelogram In Figure 1(b) and 

the area In cm^ of the- two unit area parallelograms In Figure 1(a)* 

^ 



34. figure 31 shows a crystal of the mineral calclte. The face 
ABCD has a base of 3.8 cm and a height of 2*6 cm. Wha^ Is 
the ai-ea In cm2 olthls face? 



Vlgure 31 




35. A deck of cardsjs piled tip so as to make a rectangle as showp 
vJ'' In Figure 32(a) : Then t^ie cards are slid one over the other so 
the deck, looks like Figure 32(b) which Is a parallelogram. How 
does the area of , the parallelogram In (b) compare\vlth the ^ar^a 
of the rectangle In (a) ? 
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(a) 




To find the area of -a triangle we do something much like what 
we did to find the area of a parallelogram. In this case we make a 
triangle Into a parallelogr^.^ '^o do^thls we add another triangle that 
is the same as the triangle whose area we wish to find. This Is shown 
In Figure 33 (a) where the triangle BAG ha^s been flipped over to make 
the trlangl-e BCD. This gives the' parallelogram BACD shown In Fig- 
ure 33(b). 



Figure 33 




The are^ of -the parallelogram In Figure 33.(b) Is Its height times 
its base. This area Is the same as the area of two triangles like trl- 
-angle BAG fiS Figure 33(a). Therefore, 



1 , 

. area of triangle = - x height x base 
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36.i What Is the area of each of the triangles In Figure 34 ? 



Figure 34 



3 cm 



2xm 





2 cm 

3;7. What is the area of the following triangles? 
I (a) base = 3.2 m, height = 7.8 m 

"^"'"'''nfej^ase = m, height ^ ' • ^ ' • 

38. Find the &rea of the kite Irl Figure 8(a) 9n page 10 In Chapter 4 

/ • . . 

39. (a) Draw three different triangles with the same base and the 
same height. 

* * / 

(bj How do their areas compare? 

40. (a) Draw three different triangles that have different bases 
and different heights but all have the same^area. 

• (b) Write down the base and height of each of- the triangles 
In part (a) . ^ ^ 




Trac-e the" shadeid-querdrliateralrln-Flciiire 7 on page 9 In 
Chapter 4^'and find its ar^a. 

Describe Vow to find the area of an^H^aclrllateral. 
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If we are glveh a square and apply a scaling factor of 3, 

each side o5 ih^Xnlarged square Is thre*e times as long as a side of 

the small square (Figured 5) • But, as. you can see, the area of the 

large square Is nine times greater than the area of the sma'll square, 
> 

Or we can say the ratlo of the area of the large square to the area of 
the small square Is 9, 



Figure 35 



cm 



□ 



3 cm 





P 



Trace the triangle In Figure 36. l^ow use the method de- 
scribed on page 4* of Chapte^4 to enlarge the;triangle by a scaling 
factor of 4. What Is the ratio of one side of the enlargement to the 
corresponding side' In Figure 36? 



Figure 36 




Find the -area of each triangle. .How many times larger Is the 
are9 of the new triangle ? WhatTs the ratio of the area of the large 
triangle to the area of-the small triangle? . 



Now make an enlargement of the parallelogram In^ Figure 37 
using a scaUng factor of 5* What Is'the ratio of th^ area-of the 
large parallelogram to the small one? 



Figure 37 




6 



4L. Flqd how many times corresponding lengths are increalsed 'and 
how many times the arect is increased in each of the enlarge- 
ments in Figure 38.. . 




2cm 




2 cm 



2 cm 



cm 



42. 'The area of a big square Is 100 tlines the area of a smaller 
square. What is the scaling factor from the small square to 
' the big square?^ 

1 




y ■ - ^ 



As you probably have discovered when you make an enlarge- 
ment of a figure the atea of the larger figure does not scale up the 
same way the lengths of the, figure do. 

» ' 

^ In enlargements, to find out how many times the area is in- 
creased we multiply the scaling factor times itself. 

Thus, if the scaling factor is 2, all lengths in the enlargement 
are twice the corresponding lengths in the original. Th^ area of en- 
^ largement; however, is four tinj^s that of the original. 

SiECTION 12 AREAS ON >MAPS 




Scaling factors always apply to lengths, not,.areas. Consider 
a map where the scale Is^-jj^^. It Is the a'ctual' lengths that are re- 
duced by j2 000' a^eas. In fact, the actual afeas on such a 
m^are redu'ced by x . 144,000,000 . • ' ' 




43. A student Is makfng a map of the lot his house Is on. The lot 
. Is 20 m I^y 28 m. He decides to make the scale for hts map/ 
1 ^ - , ' 

' * 2fl0 • ^^^^ ^^^^'^ of 6^'ch actual lengflrto'lhe correspond^ 

^ Ing length on his map? What Is the ratio of the actual area to 
the mail's area? 



44. ' Turn back In .your baok to Figure 1 In Chapter 5* To what scale 
/ :» ' -'Is the figure" drawn? Find the area of / ^ 

(a) the}"ut^ities" room; ' 

(b) thle: behcli next to the darkroom* 



45% Usfng. Figure 1 in Chapter 5 find out h&^f many square meters 
' of carpet are needed to cover the floor 6i thejart and editing 
room. , ' I " ' ' ' 

' / ' ' ' ' ' 

4'6. ' Suppose the field ne^ to the Day jUnlo( High School (Chap- 
, ter "^T^page 5) needs re-seeding. If on$ box of grass seed 

will cover about 50 jq^, hs^jv many boxes of seed \yill be 

needed to re-seed the field? 

47. ' Givejl a map with a scaling factor of ^ qOO 000 ^^^^ would 

be the actual' land area in km2 of ' ' , ^ 

(a) a square 1 cm on a sicie on the map? 

(b) a square cm on a side on the map? ^"^^ ^ * 

48. Use the map pn page 20 of Chapter 5 to find the area in krn2 of 
(a) Flint. " - ■ . 

•(b) Pontiac. • " " ' 

49. Use a grid to bracket the, area of the Detroit-Windsfe>r region 
on the map on page 29 of Chapter 5. 

.. ■ : \^ ' 



